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PREFACE. 


The  First  Part  of  the  following  Lectmes  was  addressed 
So  a  Society*  of  practical  agriculturists,  most  of  whom  pos- 
sessed no  knowledge  whatever  of  scientific  Chemistry  or  Ge- 
ology. They  commence,  therefore,  with  the  discussion  of 
those  elementary  principles  which  are  necessary  to  a  proper 
utiderslanditig:  of  each  branch  of  the  subject.  Every  thing 
in  such  Lectures,  which  is  not — or  may  not  be — easily  un- 
derstood by  those  to  whom  they  are  addressed,  is  worse  than 
useless.  It  has  been  my  wish,  therefore,  to  employ  no  scien- 
tific terms,  and  to-refer-to  no  philosophical  principles,  which 
I  have  not  previously  explained. 

To  many  who  may  take  up  the  latter  portions  cf  the  work, 
some  points  may  appear  obscure  or  difficult  to  be  fully  un- . 
derstood  ;  such  per.-ions  will,  I  hope,  do  me  the  justice  (o  be- 
gin at  the  beginning,  and  to  blame  the  Author  only  when  that 
which  is  necessary  to  the  understanding  of  the  later  is  not 
to  be  found  in  the  earlier  Lectures. 

For  ihe  sake  of  clearness,  I  have,  in  the  following  pages, 
jivided  the  subject  intojfbwr  Parts — the  study  of  each  pre- 
ceding Part  preparing  the  way  for  a  complete  understanding 
of  those  which  follow.  Thus,  Part  L  is  devoted  to  the  or- 
ganic  elements  and  parts  of  plants,  the  nature  and  sources 
of  these  elements,  and  to  an  explaoadon  of  the  mode  in  which 
they  become  converted  into  the  substance  of  plants; — Part 
II.,  to  the  inorganic  elements  of  plants,  comprehending  the 
study  of  the  soils  from  which  these  elements  are  derived,  and 
B  Members  of  the  0\a- 


il  relations  of  geology  to  agriculture  ; — Part  III.,  to 
the  various  methods,  mechanical  and  chemical,  by  which 
the  soil  may  be  improved,  and  especially  to  the  nature  of 
manures,  by  which  soils  are  made  more  productive,  and  the 
amount  of  vegetable  produce  increased; — and  Part  IV.,  to 
the  results  of  vegetation,  to  the  kind  and  value  of  the  food 
produced  under  diiFerent  circumsfancea,  and  its  relation  lo 
the  growth  and  feeding  of  cattle,  and  to  the  amount  and 
quality  of  dairy  produce. 

By  this  method  I  have  endeavoured,  to  ascend  from  the 
easy  to  the  apparently  difficult ;  and  I  trust  that  the  wilhng 
and  attentive  reader  will  find  no  difficulty  in  keepingby  my 
side  during  the  entire  ascent. 

The  Author  has  much  pleasure  in  now  presenting  these 
Lectures  to  the  public  in  a  complete  form.  He  has  only  to 
express  a  hope  that  the  delay  which  has  occurred  in  the  pub- 
lication of  the  latter  part  of  the  work  has  enabled  him  to  ren- 
der it  more  useful,  and  therefore  more  worthy  of  the  public 
approbation. 


Note. — The  rapid  sale  of  a  large  impression  having  rendered  a  second 
edition  of  the  first  and  second  Paris  necessary  before  the  entire  comple- 
tion of  the  worh,  such  alterafions,  corrections,  and  additions  Only  have 
been  made  as  could  be  introduced  witliout  altering  the  original  paging  of 
the  work.  Several  oversights,  however,  havs  been  corrected,  and  soma 
omissions  supplied,  which  presented  themselves  in  ihe  earlier  edilioo. 
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LECTURE  I. 

IiniKirtuu  of  Agdcultcre—RelolLonoflhe  growth  of  rood  lollie  papulation  ofGreatBilrain-- 
lUcflntprogiauBDd  prospects  of  fiogllslhAflilcultDra—Applicatioa  of  GliemicAl  and  Gbth 
lofloaJ  Bclonoe  to  the  u1  of  culOm — iotho  Improrement  of  soils — the  roLillun  of  crops — 

□ftbe  skmentiir;  hodiea— Th«  orpnlc  el^unu  OuIiod,  lijdri^n,  Oi^gsn,  snd  Hiiro 
gea,  Ihelr  propeniaa  and  Qi^  ralaUuDB  to  Tegelable  lite. 

Wer^  I  about  to  address  yoa  ia  a  single  or  delached  Lecture  ooly,  I 
should  think  it  my  duty  to  select  sotrie  one  branch  of  the  art  of  culture 
for  special  illustration,  and  without  much  introductory  matter  lo  pro- 
ceed at  once  to  the  exposition  of  tlie  principle  or  principles  on  which  it 
depended.  As  the  present,  however,  is  only  the  first  of  a  Series  of  Lec- 
tures I  hope  lo  have  the  honor  of  delivering  to  you,  I  may  be  permitted 
to  introduce  my  subject  with  a  few  prefatory  remarks,  which  will  here 
find  their  appropriate  place. 

In  regard  to  the  importance  of  Agriculture  it  may  appear  supeifluoos 
in  mo  to  address  you.  That  art  on  which  a  thousand  millions  of  men 
are  dependent  for  their  very  sustenance — in  the  prosecution  of  which 
nine-ieniha-of  the  fined  capital  of  all  eivilized  nations  is  embarked — and 
probably  two  hundred  millionsof  men  expend  iheir  daily  toil — thai  ait 
must  confessedly  be  the  most  important  of  all ;  the  parent  and  precursor 
of  all  other  arts.  In  every  country  then,  and  at  every  period,  the  in- 
vestigation of  ihe  principles  on  which  tho  rational  practice  of  this  art  is 
founded,  ought  to  have  commanded  the  principal  attention  of  the  great- 
est minds.  To  what  other  object  could  they  have  been  more  benefi- 
cially directed  ? 

But  there  are  periods  in  the  history  of  every  country  when  the  study 
of  Agriculture  becomes  more  urgent,  and  in  that  country  acquires  a 
vastly  superior  importance.  When  a  tract  of  land  is  thinly  peopled, 
iike  the  newly  settled  districts  of  North  America,  New  Holland,  or 
New  Zealand,  a  very  defective  system  of  culture  will  produce  food 
enough  not  only  for  the  wants  of  the  inhabitants,  but  for  the  partial  sup- 
ply of  other  countries  also.  But  when  the  population  becomes  more 
dense,  the  same  imperfect  or  sluggish  sjrstem  will  no  longer  suffice. 
The  land  must  be  better  tilled,  its  special  qualities  and  defects  must  be 
studied,  and  means  must  gradually  be  adopted  for  extracting  the  maxi- 
mum produce  from  every  portion  susceptible  of  cultivation. 

The  British  islands  are  in  this  latter  condiiion.  Agriculture  now  is 
of  vastly  more  importance  to  us  as  a  nation,  than  it  was  towards  the 
close  even  of  the  last  century.  In  1780,  the  island  of  Great  Britaio 
contained  about  9  millions  of  inhabitants ;  it  now  contains  nearly  i30. 
The  land  has  not  increased  in  quantity,  but  the  consumption  of  food  has 
probably  more  than  doubled.  The  importation  from  abroad  has  not  in- 
creased to  any  important  extent;  by  improved  management,  therefore, 
the  same  area  of  land  has  been  caused  to  yield  a  double  produce. 

But  the  populalion  will  conlinue  to  increase ;  can  we  expect  that  the 
food  rdsed  fmm  the  land  will  continue  to  increase  in  the  same  ratioi 
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i2  OS   IMFROVEUEKTS  IH  AOniCULTUBE. 

This  ia  an  important  question,  to  which  we  can  ^ve  only  an  impeifect 
and  somewhat  unsatisfactory  answer. 

The  superficial  area  of  Great  Britain  comprises  about  57  millions  of 
acres,  of  which  34  millions  are  in  cultivation,  about  13  millions  are  in- 
capable of  culture,  andtheiemaioing  10  millions  aie  wastelands  Buscep- 
lible  of  improvement.  The  present  population,  therefore,  is  supported 
by  the  produce  of  34  millions  of  acres,  or  every  34  acr^s  raises  food  for 
about  20  peOple.  Suppose  the  10  millions  of  acres  which  are  suscepti- 
ble of  improvement  to  be  brought  into  such  a  state  of  culture  as  to 
maintain  an  equal  proportion — the  most  favourable  supposition — tliey 
would  raise  food  ibr  aji  additional  population  of  ahout  6  millions,  or 
■Wuuld  keep  Great  Britain  independent  of  any  large  and  cotistant  foreign 
supply  till  the  number  of  its  inhabitants  amounted  to  26  millions. 
But  at  the  present  rate  of  increase  this  will  lake  place  in  about  30 
years,*  so  that  by  1860,  unless  some  general  improvement  lake  place 
in  the  agriculture  of  the  country,  the  demands  of  the  population  will 
have  completely  overtaken  the  productive  powers  of  the  land. 

But  though  we  cannot  say  how  far  the  fertility  of  the  soil  may  be  in- 
creased, or  how  long  it  may  be  able  to  keep  a-head  of  the  growing 
numbers  of  the  people,  we  have  our  own  past  experience,  the  example 
of  other  couotrles,  and  the  indications  of  theory,  all  concurring  to  per- 
suade us  that  the  limit  of  its  productive  powers  can  neither  be  predicted 
nor  foreseen. 

If  we  glance  at  the  history  of  British  agriculture  during  the  last  half 
eenlury — from  the  introduction  of  the  green  crop  system  or  the  alternate 
iusbandry  from  Flanders  into  Norfolk,  up  to  the  present  time— we  find 
the  results  of  each  successive  improvement  more  remarkable  than  the 
former.  The  use  of  lime,  a  more  general  drainage  of  the  soil,  the  in- 
vention of  improved  ploughs  and  other  agricultural  implements,  aa  well 
as  the  introduction  of  better  and  more  economical  modes  Of  using  them, 
the  application  of  bone  manure,  and  mote  recently  of  thorough  draining 
and  subsoil  ploughing,  have  all  tended  not  only  to  the  raising' of  cra[(s 
at  a  less  cost,  but  in  far  greater  abundance  and  on  Spots  wl  ich  our 
forefathers  considered  wholly  unfit  for  the  growth  of  corn 

The  result  of  each  new  improvement,  I  hive  said  has  seemed  mora 
astonishing  than  the  former.  For  after  a  waste  piece  ol  land  big  been 
brought  into  an  average  state  of  productiveness  we  are  not  prepared  for 
any  great  improvement  upon  it  by  new  labours  nor  could  we  readily 
believe  that,  half  a  century  after  such  land  had  been  in  culture  ts  pro- 
duce or  its  value  should  at  once  be  doubled  by  a  better  draining  a 
deeper  ploughing,  or  by  sprinkling  on  its  surface  a  small  quantity  of  a 
saline  substance  imported  from  a  foreign  country 

Yet  the  example  of  the  Chinese  shows  us  that  the  productive  powers 
of  the  soil  are  not  to  he  easily  estimated.  Nothing  repays  the  labours 
of  the  husbandman  more  fully  than  the  wilhng  soil — nothing  is  more 
grateful  for  his  attention,  or  offers  surer  rewards  to  pitient  industry  or 
to  renewed  attempts  at  improvement. 

In  China  we  see  a  people  whom  we  call  semi  barhimns  multiply- 
ing within  their  own  limits  till  their  nurabera  are  ah  oat  incredible; 
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praclisiug  from  the  most  remo'e  ages,  and  in  the  most  skllfui  manner, 
various  arts  whicli  (he  progress  of  rnodetn  acieneo  has  but  recently  in- 
troduced into  civilized  Europe;  cultivating  their  soil  with  the  moat  assid- 
uous labour,  and  stimulating  its  fertility  by  means  which  we  have  hiih- 
e«o  neglected,  despised,  or  been  wholly  ignorant  of— but  which  the  dis- 
coveries of  (he  present  time  are  poinliug  out  as  beat  fitted  lo  secure  the 
amplest  harvests — and  have-  thus  been  enabled  to  compel  their  limited 
soil  to  yield  a  stlflicient  sustenance  lo  its  almost  unlimited  population.* 

Esperience  and  example,  therefore,  encourage  us  to  look  forward  to 
still  further  improvements  in  the  art  of  cuhure,and,  independent  of  such 
as  may  be  derived  from  purely  mechanical  principles,  theoretical 
cnemistry  seems  to  point  out  the  direction  in  which  important  advances 
of  another  kind  may  reasonably  be  anticipated.  The  Chinese  are  said 
10  be  not  only  familiar  with  the  relative  value  and  efficiency  of  the  va- 
rious manures,  but  also  to  understand  how  to  prepare  and  apply  without 
loss  that  which  is  best  fitted  to  stimulate  and  support  each  kind  of  plant* 
How  far  this  statement  Js  exaggerated  we  are  unable  at  present  to  de- 
termine, but  il  is  in  this  direction  that  chemistry  appears  likely  to  pro- 
mote the  advance  of  European  agriculture.  The  practical  farmer  al- 
ready rejoices  in  having  in  one  ion  of  bone  dust  the  ei^uivalent  of  14 
tons  of  farm-yard  manure;  some  of  the  most  skilful  kving  chemisia 
predict  that  methods  will  hereafter  be  discovered  for  compressing  into  a 
sdll  less  bulky  form  the  substances  required  by  plants,  and  that  we 
shall  live  to  see  extensive  manufactories  established  for  the  preparation 
of  these  condensed  manures. t 

-  An  Intelligent  correspondenl  lenilnda  me  IhU  the  spiculuirsi  skill  of  llie  Chinese  Is 

en  Lhe  rndenCEG  of  Ibe^r  BOEicallural  iniplemenia  and  the  scu-clcy  of  callle,  whether  horses 
or  cowB]  aman^UienL.  But  In  :bls  denaely  peopled  coimtrr  the  hoe  they  employ  servea 
Iho  purpose  or  eierr  other  Implement  Cumtt'j  CU»a,ll.  ^3%  and  nrhere  the  place  of  cat 

valuable  manure.    The  popniailon  of  Oblna,  howsrer,  ii  probihl/  not  so  dense  In  all  the 

hiher  eallmate,  Ihe  population  ta  not  more  dense  than  In  England  and  Holland— (he  area 
of  China  proper  being  l,SDD,00a  square  miles,  dt  eight  Umu  that  ofFranve,    It  Is  unsldera- 

Europe  are  reared  and  ltd  on  the  produce  of  the  lend.  We  ma^  hereafter  e:(pec(  more  ac- 
curale  Information,  however,  especially  regaining  the  Interior  of  this  Interesting  coUDlrr-— 
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ite  Mtomical,  IvouM  TeftrlhamlothswDrdaorUr.  Smith  otDean- 
tfie  etibeoll  ploudi,  and  Oia  Inlroduoflr  of  Ihe  grealeflt  nmcflcal  im- 
1  agrtcnllnre.  Alter  iteBng  Ihal  al  hat!  Utm-fiiailiii  qf  the  nkcle  ata- 
f  it  under  very  ind^hrBntevUitrB,  chieAy  from  Ihe  went  of  complete 
draining  and  deep  working,  and,  adverting  lo  Ihe  increaBed  produce  it  may  be  made  to 

Brain  in  Ihe  coarse  of  the  next  tweo^  rearB." — Sffmarka  on  7%^ugh  Dralmng  and  Seep 
PlougMnff,  by  Jamee  jStnft^  ^leq.^  qfDeonston  WotJcBj  p.  ^.    weire  Ihe  population  Ta 

pracucel  xnendonot  deepalrnf  atlalnEng  tea  pitch  of  improremejit  in  agriculture  which 

£ul  amojitf  eU  peraona'nf  enlerfed^lnfuTmatioD  a  BlinUar  opinion  pravellB-  Thne  the 
eloquent  aotnor  at  arecontvoffe  on  the  principles  of  population  aaya,  *^  the  single  aherallen 
of  substllullui!  the  kitchen-garden  husbandry  of  ^uivlera  Intnir  phtna,  and  Ibe  terraced 
culture  of  Tuscany  In  onr  bDlB,  fhr  the  present  ayalem  bf  Hgrlcnlfnral  management  wonld 
at  once  double  the  nroduce  of  the  Biltlab  lidafKlB,and  pnHDreampla  lubristance  for  Iwlcs 
Ihe  number  ofllspresent  Inbabinnta."— jaun's  PrJm&ilK  c/i'ttpuloljan,  I.  p.  ^16,    The» 
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Thus  much  may  be  said  in  regard  to  the  future  hopei  and  proepeila 
of  scientific  agricullufe.*  But  how  tew  pracucal  men  ate  acq  u  aimed 
with  what  18  already  known  of  the  princij)le9  of  the  imjiortant  art  by 
which  they  live!  Trained  up  in  ancient  methcxta — attached  generally 
ti>  cooseTvative  principles  in  every  shape — the  practical  agriculturists, 
as  a  body,  have  always  been  more  opposed  lo  change  than  any  other 
large  class  of  the  community.  They  have  been  slow  to  believe  m  the 
superiority  of  any  methods  of  culture  which  difiered  from  iheir  own, 
from  those  of  their  fathers,  or  of  the  district  in  which  they  live — and, 
even  when  the  superiority  could  nt  longer  be  denied,  they  have  been 
almost  as  slow  to  adopt  them. 

But  the  awakening  spirit  of  the  time  is  making  itself  felt  in  the  re- 
motest agriciihnral  districts ;  old  prejudices  are  dying  out,  and  the  cul- 
tivators of  this  most  ancient,  tnost  important,  and  noblest  of  all  the  arts, 
are  becoming  generally  anxious  fcir  information,  and  eager  for  impn>ve- 

T  wo  c  Ire  urn  Stan  cos  have  contributed  to  retard  [he  approach  of  this 
belter  state  of  things. 

In  the  first  place,  the  agricultural  interest  in  England  has  hitherto 
expended  its  main  strength  in  attempting  to  secure  or  maintain  impor- 
tant political  advaniages  in  (he  state.  The  encouragement  of  experi- 
mental agriculture  has  been  in  general  neglected,  while  the  difTusion 
of  practical  knowledge  has  been  either  wholly  overlooked  or  considered 
subnrdinate  to  other  objects.  No  national  efforts  have  been  made  for 
the  general  improvement  of  the  methods  of  cuUure.  While  for  the 
other  important  classes  of  the  community  special  schools  have  been  es- 
tablished, in  which  the  elements  of  all  the  branches  of  knowledge  most 
necessary  for  each  class  have  been  more  or  less  completely  laogbt,  and 
a  more  enlightened,  because  better  instructed,  race  of  men  gradually 
trained  up,  no  such  schools  have  been  instituted  for  the  benefit  of  the 
agriculturist.  In  our  Universities,  in  which  the  holders  of  land,  those 
most  interested  in  its  irnprovenient,  are  nearly  all  educated,  a  lesson 
upon  agriculture,  the  right  arm  of  the  Stale,  has  hitherto  scarcely  ever 
been  given.!     With  the  practice  of  the  art,  the  theory  has  also  been 

Those  wlio  have  access  lo  Ihe  Journal  of  Iha  Roysl  Engtlah  Agricultural  Soi'.lelv  will 
fiiKt  Lnllio  lirel  numbei:  a  Kiiier  b;  Mr,  Pose;,  "On  Ihe  present  slaleoCllie  silence  or  Agcl' 

tlcal  kind  than  t  have  been  alile  lo  Intioduoe.    Tlits  paper  ought  to  he  printed  In  a  separate 
Ibrni,  and  circulated  widely  among  those  who  are  not  membera  at  Uie  Royal  English  Agcj 

tram  alt  nnrfg  ofiha  coiuilTy  stnca  Iho  publication  of  these  Le<:tnras  was  announced,  and  In 
uaured  Ihsflhs  want  of  knowledge  )i  generally  felt,  and  a  aiipply  in  s  suSclenl- 


lion  rrom  ell^s  means  orasslsluice  offered  It  by  chemlBtry,  and  which 

land  the  art  of  malilnff  a  rational  application  of  clieinlcal  dlaeoirerleB.^'    1 

nista  ought  In  Gilniasa^lD  btsme  the  praetlcat  agrlculEuriata  for  not  undeEslandin^lhe 

iplylng  chemical  dlacovertes  lo  the  Improremenl  of  ihe  culture  of  the  land.    They 

SI  know  what  the  dlscorerles  arej  and  the  error  has  hlthcrlo  been,  that  ho  elei» 


have  been  tal 


■p  or  LUUKTafT,  invariably  lamcnls,  "  as  mtstal 
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neglected.  Scientific  men  have  had  no  inducement  lo  devote  their 
lime  and  talents  lo  a  Butgect  whlcli  held  out  no  promise  of  reward, 
either  in  the  shape  of  actual  emolument  or  of  honorary  distinction. 
And  thus  hiis  arisen  the  second  of  those  circumstances,  by  which  I  con- 
sider the  approach  of  a  better  state  of  things  to  have  heen  retarded — ■ 
namely,  the  want  of  an  Agrieidlvrd,  LiteratUTe. 

With  the  exception  of  a  small  number  of  periodical  pubUcationa, 
none  of  these  even  too  well  supported,  by  which  altempis  have  been 
zealously  made  to  diffuse  important  inibrmation  among  the  practical 
farmers — it  cannot  be  denied  that  the  press  has  not  been  encouraged  ta 
do  its  utmost  on  behalf  of  agricultural  knowledge  in  general — while  the 
single  work  of  Sir  Humphry  Davy  is  nearly  all  ihat  chemical  science 
has,  in  ibis  country,  been  induced  to  contribute  to  the  advancement  of 
agrieukural  theory  during  ihe  last  forty  years." 

Many  of  you  have  probably  read  this  work  of  Sir  Humphry  Davy, 
and  are  prepared  (o  acknowledge  its  value.  Yet  how  many  things 
does  lie  pass  over  entirely,  how  many  things  leave  nnexplained  \  Since 
his  time,  not  only  have  numerous  practical  observations  and  discoveries 
heen  made,  but  the  entire  science  of  animal  and  vegetable  chemistry 
has  been  regenerated.  We  are  not,  therefore,  to  expect  in  his  work  a 
view  of  the  present  stale,  either  of  our  theoretical  knowledge,  or  of  our 
practical  agriculture.  It  belongs  rather  to  ihe  history  of  the  progress  ol 
knowledge,  than  lo  the  condition  of  existing  information.  Hence  ihe 
merits  of  the  agricultural  chemistry  of  Davy  are  nol  lo  be  tried  by  its 
accordance  with  actual  knowledge,  but  with  what  was  known  in  ISI'U, 
when  its  distinguished  author  read  his  course  of  lectures  for  the  last 
time  before  theBuard  of  Agriculture. 

We  may  with  certainty  predict,  however,  that  neither  the  practice 
nor  the  theory  of  agricullure  will  be  permitted  to  experience  in  future 
that,  want  of  general  encouragement  under  which  during  the  last  half 

Forllil3slM£oflMn(raiive  aliall  soon  hime  at  least  a  partial  reme(i]f.  Itlsa  remarknhlB 
ftclllial  nearly  all  ilie  new  educadooaLlnHLIullons  of  Ihe  higher  ctass,  on  liie  CorHlnentof 
Eurone,  ofwiiicli  sa  manyhatebeen  founiied  wiiliin  the  presEnl  Mnlury,  epil  all  ihose 

iiKliide  OMb 


insenlaneoiis  and  nqiversl  leslimony  id  ilieir  value  and  Itnpnilance  Ihan  Ihisl  The  Unl- 
ir^lj  of  London  baaTKBn  induoed,  b/  IhEaame  public  demand  forlhia  apeiiies  of  Inau-uc- 

"  '"'""'"''" 7o™^lS'fi^«S8?°I«n^™usam;ifd'^nSSTBve''"Jflo'iJed 
ince  Ibe  Calhollc  CoIlogB  of  81.  Culhberl,  al  Cabaw,  bas  In  lliia  reaped  an- 
tlelpo^d  ill  FmieaTant  neiehtiDr  at  Dnrham. 

branchei,  eupposelt  lenerallf  done,  Idiq  Ihe  Uniiei^ir  conrae  of  aludy  1  Manr  are  of 
ophilon  tbultoDgtit  tiQl,  Hod  l)ut  the  general  interesM  of  pravUoal  aaiianllare  would  be 
manifestljpnnnotediHmongothermeaneik/ibe  eatabliBhiaeiil  of  airleuliunl cDllegce,  in 
which  all  the  hnnohai  necesaarj  to  be  known  by  enligblened  agticulIUTlBtB  of  ererr  chaa 
ahonld  be  epei^UT  end  dlsUoctl;  tsugbt.    Whether  aiiih  Oa11ef«  mlEht  ba  beneSiiidlr 

-  Thelalea<edilionorLonlDuo<IoDetd>s''TreBtlee  on  Ihe  intimate  cooneellon  belween 

by  Dr.  Sfcdden.Tnaertcd  In  Ihe  Qumliers  of  the  Ctnanerty  Journal  of  Agricullure  for  ihe  liM 

Slnns  Itie  above  wenl  to  rireas.  Three  t.ecliites  on  Agricullure  have  appeared  from  tin 
pen  of  Dr.  Diubeny,  of  Ojford,  whose  name  will  secure* Jieni  aneitanfled  circulation. 
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century  they  have  in  England  beea  perinttied  to  languish.  The  (lublic 
mind  has  been  awakened,  and  the  establishment  of  Agriciillutal  Associ- 
ations, provincial  and  local,  are  manifestations  of  the  inierest  now  felt 
apon  the  subject  In  all  parts  of  the  country.  It  requires  only  the  general 
exhibiiion  of  such  an  interest,  and  ihe  adoption  of  some  genera!  means  of 
encouragement,  to  stimulate  both  practical  ingenuity  and  scientific  zeal 
to  expend  themselves  on  this  most  valuable  branch  of  national  industry. 
Science  is  never  unwilling  to  lend  her  hand  to  the  practical  arts ;  on 
the  contrary,  she  is  ever  forward  to  proffer  her  asabtahce,  and  it  is  not 
till  her  advances  have  been  rejected  or  fretjuently  repulsed,  that  she  re- 
frains irom  aiding  in  (heir  advancement. 

Need  I  advert,  in  proof  of  this,  to  the  unwearied  labours  of  (he  vege- 
table physiologists — or  to  the  many  valuable  observations  and  experi- 
ments recorded  in  the  memoirs  of  scientific  chemists.  In  these  memoirs, 
or  in  professedly  sdentific  works,  such  observations  have  not  onfre- 
quently  been  permitted  to  rest; — the  public  mind  being  unprepared 
either  to  appreciate  their  value  or  to  encourage  the  exertions  of  those  wko 
were  wilhng  to  give  them  a  practical  and  popular  form. 

And  how  numerous  are  the  branches  of  science  connected  with  this 
art?  Need  I  speak  of  botany,  which  Is,  as  it  were,  the  foundation  on 
which  the  first  elements  of  agriculture  rest;  or  of  vegetable  physiology, 
to  the  indications  of  which  it  has  hitherto  almost  exclusively  looked  for 
improvement  and  increased  success ;  or  of  zoology,  which  alone  can 
throw  light  on  the  nature  of  the  numerous  insects  that  prey  upon  your 
crops,  and  so  often  ruin  your  hopes, — and  which  can  alone  be  reason- 
ably expected  to  arm  you  against  their  ravages,  and  instruct  you  to  ex- 
tirpatethem  1  Meieorologyamongherotherlabouratabulatesthehighest, 
the  mean,  and  the  lowest,  lemperntures,  as  well  as  ihe  quantity  of  tain 
which  falls  during  each  day  and  each  month  of  the  year.  Do  you 
doubt  the  importance  of  such  knowledge  to  the  proper  cultivation  of  the 
land  1  Consider  the  destructive  effects  of  a  late  frost  in  spring,  or  of  a 
continued  heat  in  summer,  and  your  doubts"  will  be  shaken.  A  wet  sea- 
son inour  cUmale  brings  with  it  many  evils  to  the  practical  agriculturist; 
hut  what  effect  must  the  rain  have  on  the  soil,  in  countries  wliere  nearly 
as  much  falls  in  a  month,  as  in  England  during  the  course  of  a  whole 
year;' — whereevery  thing  soluble  is  speedily  washed  from  the  land,  and 
nothing  seems  lo  be  left  -but  a  mixture  of  sand  and  fravel  7  ,  It  may 
indeed  be  said  with  truth,  that  no  department  of  natural  science  is  inca- 
pable of  yielding  instruction — that  scarcely  any  knowledge  is  superflu- 
ous— to  the  tiller  of  the  soil. 

It  is  thus  (hat  all  branches  of  human  knowledge  are  bound  together, 
and  all  the  arts  of  life,  aod  all  the  cultivators  of  them,  mutually  de- 
pendent. And  it  is  by  lending  each  a  helping  hand  to  the  others,  that 
the  success  of  all  is  to  be  secured  and  accelerated ;  while  with  the  gene- 
ralprogress  of  the  whole  the  advance  of  each  individual  is  made  sure. 
The  recent  coniribuiiona  and  suggestions  of  geology  are  the  best  proof 
of  the  readiness  of  ihe  sciences  of  observation  lo  give  their  aid  to  the 
promotion  especially  of  agricultural  knowledge.  The  geologist  can 
best  explain  the  immediate  origin  of  your  several  soils,  the  cause  of  the 

•  Al  Caniou,  m  the  month  of  May.  Uie  feU  or  rain  is  often  aa  much  es  SO  Inchea. 
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diversiliea  wliich  even  in  the  same  farm,  ic  may  be  in  the  same  field, 
they  nol  uofrBq neatly  exhibit;*  the  nature  and  differences  among  your 
subsoils,  and  lie  advantages  you  may  expect  from  breaking  them  up  or 
bringing  them  toihe  surface. 

Geology  is  essentially  a  popular  aeience,  and  the  talents  of  its  emi- 
nent English  cuUivators  are  adiiiirably  fitted  to  make  it  still  more  so. 
Hence,  a  certain  amount  of  knowledge  of  this  science  has  been  of  late 
years  very  generally  diffused,  and  its  relations  to  agriculture  are  be- 
coming every  day  better  understood.  The  Highland  Society  of  Scot- 
land, among  its  liiany  other  useful  exertions,  has  done  very  much  lo 
connect  agriculture  and  geology  with  the  sphere  of  its  own  labours, 
while  the  Journal  of  the  Eoyal  Agricultural  Society  of  England  mani- 
fests a  similar  desire  on  the  part  of  that  numerous  and  talented  body,  lo 
illustrate  the  connection  of  agriculture  with  geology  and  chemistry,  in 
the  aoulhern  division  of  the  island.  That  Dr.  Buckland,  Mr.  Murchl- 
snn,  and  Mr.  He  la  Beclie  have  each  engaged  lo  make  a  gratuitous  sur- 
vey of  [he  subsoils  in  several  extensive  agricultural  districts,  at  the  re- 
cjuest  of  (he  Council  of  this  Society,f  shows  that,  where  their  services  are 
estimated,  ourmosteminentscientific  men  will  not  hesitate  to  devote  ihem 
to  the  development  of  the  most  important  branchesof  national  industry. 

The  time,  therefore,  is  peculiarly  favourable  for  the  increase  and  diSu- 
iion  of  agricultural  knowledge.  The  growth  of  our  populali^Q  re- 
quires it — practical  men  are  anxious  to  receive  instruction — scientific 
men  are  eager  to  impart  what  they  know,  and  to  make  new  researches 
for  ihe  purpose  of  clearing  up  wbat  is  unknown — are  we  not  iustifl.ed, 
(berefore,  in  anticipating  hereafter  a  consiant  and  general  diSusion  of 
light,  a  steady  progress  of  agricultural  improvement  ? 

Having  thus  glanced  at  the  state  and  prospects  of  scientific  agricul- 
ture in  general,  and  especially  of  the  art  of  culture  in  England,  jjermit 
me  to  advert  to  a  few  of  those  (jueslioos  of  daily  occurrence  among  you, 
to  which  chemistry  alone  can  give  a  satisfactory  answer.  I  shall  not  in 
this  place  allude  to  (he  subject  of  manures — which  form  alone  an  entire 
chapter  of  most  recondite  chemistry,  and  which  I  shall  take  up  in  its 
proper  place,  but  I  shall  select  a  few  isolated  topics,  the  bearing  of 
chemical  knowledge  upon  which  is  sufficiently  striking. 

Some  soils  are  naturally  barren,  but  how  few  of  our  agricullurisls  are 
ahle,  in  regard  to  such  soils  generally,  to  say  why  ;  how  few  who  pos- 
sess the  knowledge  requisite  for  discovering  the  cause !  Of  these  bar- 
ren lands  some  may  he  improved  so  as  amply  to  repay  the  outlay  ;  some, 
from  their  locality  or  from  otffer  causes,  are  in  the  present  state  of  our 
knowledge  irreclaimable,  tlow  important  to  be  able  to  distinguish  be- 
tween these  two  cases ! 

-  I  amaot  refer  lo  s  plainer,  more  simple,  or  more  benufirul  llltHtnilloD  of  this  fscC  Iban 

nal  of  llie  Enalish  Agriculuirsl  Society,  I.  p.  BTI,  entllled  "On  t\ie  Apnllcallon  of  Geolojy  lo 
Agriculture."  See  olBa  sn  attle paper  by  IbeBer.  Atr.  Tt^orpe,  afirblch&Tatuable  report  li 
cenlaiaed  In  the  Doncaster  OhTDnfiJB  of  Deeranber  Bb,  and  vblah  will  be  published  in  the 
pmoeeJIngs  of  tbe  G^loflMl  and  PalJFIeclinlc  BmMjfil  IhB  Weal  Ridlof  of  Vorksblre. 

t  Jaiirnulor  rhe  RnyaJ  A^rlcuIniraJ  Hoolety,  Itepoit  nf  thelF  Council,  L  p.  1S3. 

To  form  a  jual  Idea  of  Uie  value  snfl  Imiwriadee  of  auoh  anr»eya,  Ic  la  only  neoesaary  lo 
read  chap,  jv.,  pp.  463  !o4S0,  of  Mr.  De  la  Beche's  "Geologlcfd  Reporlon  Comnra.ll  and  De- 
von," or  Professor  Hilohcook'fl  "Heponun  a  re-wamiimllon  of  the  Eoonomio  Gcoloey  o1 
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Sotne  apparently  good  soils  are  yet  barren  in  a  high  degree.  In  en- 
deavouring Co  improve  such  soils,  practical  men  have  no  general  rule — 
ihey  can  have  none.  They  Work  in  (he  dark — tike  a  man  who  makes 
esperiments  in  a  lahoraiory,  without  a  teacher  or  without  a  book.  lill, 
after  many  blunders  and  mucli  expense,  he  discovers  some  fact,  lo  him- 
self new,  but  to  others  long  known,  and  forming  only  one  of  many  ana- 
logons  facis,  flowing  from  a  common,  and  probably  well  understood, 
tj>rinci|)le. 

"  The  iipplicalion  of  chemical  tests  to  such  a  soil,"  says  Sir  Humphry 
Davy,  "  is  obvious.  It  must  contain  some  noxious  principle,  [or  be  de- 
ficient in  some  necessary  clement. — J.]  which  may  bo  easily  discovered 
and  probably  easily  destroyed.  Are  any  of  the  salts  of  iron  present, 
ihey  may  be  decom|iosed  by  lime.  Is  there  an  excess  of  siliceous  sand, 
the  system  of  improvement  must  depend  on  the  application  of  clay  and 
calcareous  matters.  Is  there  a  defect  of  calcareous  matter,  the  remedy 
ia  obvious.  Is  an  excess  of  vegetable  matter  indicated,  it  may  be  re- 
moved by  liming,  paring,  and  burning.  Is  there  a  deficiency  of  vege- 
table matter,  it  is  to  be  supplied  by  manure," — [Agricultural  Chemistry, 
Lecture  I.] 

What  was  true  in  regard  to  the  applications  of  chemistry  in  (he  time 
of  Sit  Humphry  Davy  is  more  true  in  a  high  degree  of  the  chemistry 
of  our  lime.  Not  only  la  the  nature  of  soils  belter  understood,  but  wo 
know  in  many  cases  what  a  soil  must  contain  before  it  will  produce  a 
given  crop.  Why  do  pine  forests  settle  themselves  on  the  naked  and 
apparently  barren  rocks  of  Scolland  and  of  Northern  Europe,  content  it 
their  young  roots  can  find  but  a  crevice  in  the  mountain  to  shelter  them? 
Why  does  the  beech  luxuriate  in  the  alluvial  soils  of  Southern  Sweden, 
?f  ^ealand,  and  Continental  Denmark  ?  Why  does  the  birch  spring 
up  from  the  ashes  of  the  pine  forest — why  the  rapid  rush  of  delicate 
grass  ftom  the  burned  prairies  of  India  and  of  Northern  America  ? 
Whence  comes  the  thick  and  tender  sward  of  the  mountain  limestone 
districts — whence  the  gigantic  wheal  stalk  of  a  virgin  soil  ?  Why  do 
the  same  forest  trees  propagate  themselves  for  ages  on  the  same  spi'is 
without  impoverishing  the  soil — why  do  the  natural  grasses,  l.lie  longer 
they  are  undisturbed,  render  the  land  only  the  more  fertile  ? 

These,  one  would  think,  ate  scarcely  chemical  questions,  and  yet  to 
all  of  them,  and  to  a  thousand  such,  chemistry  alone  can  and  will  give 


The  rotation  of  crops  is  a  practical  rule,  the  benefit  of  which  has 
been  proved  by  experience ;  it  becomes  a  true  philosophical  principle 
of  action,  when  we  discover  the  causes  from  which  this  benefit  springs. 
Botanjr  has  thrown  (x>nsiderable  light,  and  of  an  interesting  and  impor- 
tant kind,  upon  this  practice,  but  chemistry  has  fully  cleared  it  up  au'l 
established  the  principle. 

Sir  Humphry  Davy  spealis  of  the  use  of  lime.  Can  you  explain  the 
mysterious,  and  apparently  fickle  and  diversilied,  agency  of  this  sub 
stance  in  reference  to  vegetalion?  Are  the  advantages  so  frequently 
attendant  upon  its  use  to  he  ascribed  to  the  chemical  character  of  the 
soil  to  which  it  is  applied,  to  the  kind  and  quantity  of  the  vegetable 
matter  it  contains,  or  to  the  geological  nature  of  the  rocks  on  whicli  it 
rests!     Are  tbey  dependent  upon  the  drainage   and  exposi^re.of  the 
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land — oil  the  kind  of  crop        b  d— o      h     g  11        e  oF  the 

district — on  the  maxima  a  d  m  p  —  h    quanti- 

ty of  rain  which  falls? 

So  with  gypsum.     Wliy  fl        i     d  d  d  ,  donbted 

in  anotlier,  and  decried  in  a  third !  Are  no  rules  or  priiiciplea  to  be 
discovered,  by  which  these  diversified  effects  are  to  be  explained,  and 
llie  true  purjraee  and  fit  use  of  these  and  other  mineral  subsluncea  clear- 
ly pointed  out?  Sucli  principles  are  yet  lo  be  sought  for;  but  if 
sought  by  the  way  of  well  devised  and  accurately  conducted  experi- 
ment, they  are  sure  lo  be  discovered. 

The  land  is  exhausted  by  frequent  cropping.  What  language  more 
familiar,  what  elalement  more  true  than  this?  Yet  how  few  under- 
stand what  exhaustion  implies;  how  few  can  explain  eillier  how  it 
takes  place,  by  what  means  it  can  ba  remedied,  or  how,  if  left  to  her- 
self, nature  at  leoglh  does  apply  a  remedy  ! 

Have  you  any  doubt  in  regard  lo  the  prevailing  ignorance  on  this 
subject  I  To  be  satisfied,  you  have  only  to  look  with  an  experienced 
eye  on  ihe  agricultural  practice  of  the  county  of  Durham.  Are  there 
not  tliousands  of  acres  in  the  centre  of  this  county  which  exhibit  a  de- 
gree of  unproductiveness  not  natural  to  the  soil ; — which  have  been 
overcropped,  and  worn  out,  and  impoyerished  ?  A  soil  comparative- 
ly fertile  by  nature  has  been  rendered  unfertile  by  art.  That  which 
was  naturally  good, has  been  rendered  as  unproductive  and  unprofitable 
as  that  which  was  naturally  bad.  Has  this  slate  of  things  arisen  from 
ignorance,  from  design,  or  from  necessity  I  By  whichever  of  these  it 
has  been  immediately  caused,  it  is  clear  that  the  requisite  degree  of 
knowledge  on  the  part  of  the  owners  of  the  soil  would  have  retarded  if 
not  wholly  prevented  it. 

The  same  knowledge  will  enable  them  to  reclaim  these  lands  again, 
and  gradually  restore  them  to  a  more  -fertile  condition ;  for  the  changes 
which  the  soil  undergoes  in  such  circumstances  are  all  chemical 
changes, — either  in  iho  relative  quantities  of  the  substances  it  contains, 
or  in  the  slate  of  combination  in  which  they  exist. 

The  art  of  culture  indeed  is  altnost  entirely  a  chemical  art,  since 
nearly  all  its  processes  are  to  he  explained  only  on  chemical  principles. 
If  you  add  lime  or|ypsuiii  to  your  land,  you  introduce  new  chemical 
agents.  If  you  irrigate  your  meadows,  you  must  demand  a  reason 
fram  the  chemist  ibr  the  abundant  growth  of  grass  which  follows.  Do 
you  find  animal  manure  powerful  in  its  action,  is  the  effect  of  some 
permanent,  while  that  of  others  is  speedily  exhausted  ? — does  a  mixture 
of  animal  and  vegetable  manure  prepare  the  land  best  for  certain  kinds 
of  grain  ? — do  you  employ  common  salt,  or  gypsum,  or  saltpetre,  or  ni- 
trate of  soda,  with  advantage  ? — in  all  these  cases  you  observe  chemical 
results  which  you  would  be  able  to  control  and  modify  did  you  possess 
the  requisite  chemical  knowledge. 

It  is  not  wonderful  that  even  theoretical  agriculturists  should  be  far 
behind  in  the  knowledge  of  those  principles  on  which  their  most  impor- 
tant operations  depend.  The  greatest  light  has  been  thrown  upon  the 
art  of  culture  by  tlie  researches  of  organic  chemiatry,  a  branch  which 
may  be  said  to  have  siaried,  if  not  into  existence,  at  least  into  a  new 
life,  within  the  last  ten  years.     Every  day  too  is  adding  to  the  number 
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and  lalue  of  its  discoveries,  and  the  agricullurist  may  well  be  pardoned 
for  not  keeping  pace  with  the  advances  of  a  department  cf  science, 
wliich  even  the  professed  and  devoted  chemist  can  scarcely  overtake. 

I  might  advert  also  to  the  mechanical  operations  of  ploughing,  wheth- 
er common  or  subsoil,  of  fallowing,  draining,  weeding,  and  many 
others,  as  being  only  so  many  methods  by  which  chemical  action  is  in- 
duced or  facilitated  ;—^to  the  growth  of  plants,  and  even  to  such  ob- 
eerved  differences  as  that  of  the  relative  quantity  of  leaves  and  tubers  in 
the  potaloe,  and  of  graio  and  straw  in  our  corn-fields,  as  interesting 
cases  on  which  scientific  chemistry  throws  'a  flood  of  light.  I  might 
shew  how  (lie  feeding  of  your  cattle  and  the  raising  and  management 
of  dairy  produce  are  not  beyond  the  province  of  chejniatry,  but  that  the 
only  approach  to  scientific  principle  yet  made  eien  in  these  branches 
of  husbandry,  is  derived  from  the  results  of  chemical  research 

But  I  do  not  dwell  on  any  of  these  points  they  will  all  hereafipr 
come  under  our  review  in  their  appropriate  order  and  ^ill  afinrd  me  a  i 
opportunity  of  laying  before  you  many  important  facta  as  well  as  I 
hope,  valuable  practical  deductions  and  observations 

While,  however,  I  feel  justified  in  saying  thus  much  of  the  1  gbi 
which  existing  chemical  knowledge  throws  on  the  natural  processes  of 
vegetation,  and  on  the  artificial  melhoda  of  practical  agricullure  J 
woald  not  lead  you  to  suppose  that  our  1  nowledge  is  by  any  means 
complete,  that  there  are  not  many  points  over  which  much  dirkncjs 
still  rests — (hat  some  of  the  theoretical  views  now  entertained  are  nti 
crude,  adopted  too  hastily,  and  generalized  too  rapidly.  But  a  similar 
confession  may  be  made  in  reference  to  all  the  modem  sciences  of  ob- 
servation without  diminishing  their  imponance  or  detracting  from  the 
value  of  the  facts  (bey  embody.  Human  science  is  progressive  in  all 
ita  branches,  and  to  refuse  to  follow  the  indications  of  existiug  know- 
ledge because  it  is,  to  some  extent  uncertain,  would  be  as  foolish  as  to 
refuse  to  avail  ourselves  of  the  morning's  Ught,  because  it  is  not  equal 
to  (hat  of  the  midday  sun. 


1  advance,  therefore,  to  the  special  object  of  these  lectures,  and  I  shall 
first  present  you  with  a  rapid  outline  of  the  method  which  I  intend  to 
follow.  It  is  indispensable  that  this  method  should  be  simple,  and  that 
every  consecutive  portion  should  he  so  fitted  to  cleat  (be  way  for,  and 
thrjw  light  upon,  what  is  lo  follow,  thai  we  may  be-  able  to  advance 
from  the  first  rudiments  to  the  most  difficult  and  abstruse  parts  of  our 
subject,  without  any  chance  of  the  illustrations  being  even  difficult  lo 
comprehend.  This  end  I  do  not  hope  perfectly  to  attain,  but  it  will  be 
my  coastant  aim,  and,  with  due  attention  oh  yonr  part,  I  do  not  fear 
that  we  shall  fail  in  arriving  at  a  perfect  understanding  of  the  various 
points  to  which  I  shall  have  occasion  to  direct  your  attention. 

I  propose,  therefore,  to  bring  before  you-^ 

I.  The  constitution  of  vegetable  substances  with  the  properties  of  the 
elenlentary  and  compound  bodies  which  either  enter  into  the  substances 
of  plants  or  contribute  to  (heir  growth  and  nourishment. 

tl.  The  general  structure  and  functionsof  the  several  parts  of  plaits 


— ibelr  mode  of  growth — and  the  maDtier  in  which  tlieir  foon  is  ab- 
sorbed, changed,  and  converted  into  parts  of  their  subatance. 

III.  The  origin,  nature,  and  principal  differences  of  soils — with  the 
circumstances  on  which  their  relative  fexlility  depends,  or  under  which 
it  is  modified. 

JV.  The  nature  and  differences  of  manures,  and  their  mode  of  aclion, 
whether  directly  in  supplying  food  to  the  plant,  or  indirectly  in  hasten- 
ing oad  increasing  their  growth. 

V.  The  nature  and  diversities  of  the  food  raised  as  the  result  of  cul- 
ture— especially  in  reference  to  their  several  equivalenfs  or  powers  of 
sLipporling  animal  life. 

Under  this  head  t)je  feeding  of  cattle  and  the  variations  in  the  quan- 
tity and  (juality  of  dairy  produce,  will  form  subjects  of  consideration. 

These  different  branches,  I  believe,  comprehend  the  whole  subject 
of  chemical  agriculture;  in  regard  to  all  of  them  we  shall  derive  either 
from  chemistry  or  geology  much  important  inforjnation. 

§  1.  Different  kinds  and  states  nf  matter. 
All  the  forms  of  matter  which  present  themselves  to  our  view, 
whether  in  the  solid  crust  of  the  globe  on  which  we  live,  in  the  air 
which  forms  the  atmosphere  by  which  we  are  surrounded,  or  in  the  bo- 
dies of  animals  and  plants — all  are  capable  of  being  divided  into  (he  two 
great  groups  of  organic  and  inorganic  matter.  The  solid  raolis  and  soils, 
(he  atmosphere,  the  waters  of  the  seas  and  oceans,  everything  whioh 
neither  is  nor  has  been  iheseat  of  life,  may  generally  be  included  under 
the  head  of  inorganie  matter.  The  bodies  of  all  living  animals  and 
plants,  and  their  dead  carcases,  consist  of  organic  or  organized  matter. 
These  generally  exhibit  a  kind  of  structure  readily  visible  by  the  eye, 
as  in  the  pores  of  wood,  and  in  the  fibres  of  hemp,  or  of  the  lean  of 
beef,"  and  are  thus  readily  distinguished  from  inorganic  matter,  in 
which  no  such  structure  is  observable. 

But  in  many  substances  of  organic  origin  also,  no  structure  is  obser- 
vable. Thus,  sugar,  starch,  and  gum,  are  formed  in  plants  in  great 
abundance,  and  yet  do  not  present  any  pores  or  fibres;  they  have  never 
been  endowed  with  organs,  yet  being  produced  by  the  agency  of  living 
organs,  they  are  included  under  the  general  name  of  organic  matter. 
So  when  animals  and  plants  die,  their  bodies  undergo  decay,  but  the 
matter  of  which  they  are  composed  is  considered  as  of  organic  origin, 
not  only  as  long  as  any  traces  of  structure  are  observable,  but  even  after 
all  such  traces  have  disappeared.  Thus  coal  is  a  substance  of  organic 
origin,  though  almost  all  traces  of  the  vegetable  matter  from  which  it 
lias  been  derived,  have  been  long  ago  obliterated. 

Again,  heat  chars  and  destroys  wood,  starch,  anii  gum,  forming  black 
substances  tolalJy  unlike  the  original  matter  acted  upon.  By  distillation, 
wood  yields  tar  and  vinegar ;  and  by  fermentation,  sugar  is  converted 
first  into  alcohol,  and  then  into  vinegar.  All  substances  derived  from 
vegetable  or  animal  products  by  these  and  similar  processes  are  included 
under  the  general  designation  of  organic  bodies. 

'  Thei>oresDf«ODdandfil>Te3iin<l  miniue  lesBels  to  salmals  bsbigOieetgaru  orhudu- 
tnenU  ontfe,  the  Batstaoces  Uiemsalies  ore  caUer]  oitonizad  or  argnoic. 

2  ......  Ai<.)o<ilc 
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Now  if  vie  take  a  porlion  of  almosi  any  of  ihose  numerous  forms 
of  mailer  which  we  meet  widi  either  in  the  inorganic  or,  in  the  organic 
kingdoms,  we  find,  that  on  subjetling  il  lo  certain  chemical  processes,  ii 
is  capable  of  being  resolved  or  separated  into  more  than  one  substance. 
Thus  coal  when  put  into  a  gas  retort  is  resolved  into  tar,  coal  gus,  and 
ceriaii)  olhot  aubstonges.  Wood,  when  treated  in  the  same  way,  yields  . 
]iyroligneou3  acid,  tar,  and  water,  and  leaves  behind  a  residue  of  char- 
coal. If  again,  we  subject  charcoal  lo  the  action  of  beat  (not  in  the 
open  air),  or  to'any  other  process  we  can  devise,  we  can  never  separate 
any  thing  further  from  il.  After  all  our  operalions  we  obtain  only 
charcoal. 

So  a  piece  of  common  lead  ore,  when  healed  in  a  similar  manner, 
will,  if  pure,  give  offsulphuronly,  and  leave  ihe  lead  behind,  from  which 
nothing  but  lead  can  afterwards  be  extracted. 

Thus  it  is  evident  that  wood  and  the  ore  of  lead  differ  from  charcoal 
and  metallic  lead  in  this  respect,  that  the  former  consist  of  more  than  one 
kind  t^  matter,  ihe  latter  of  one  kind  of  matter  only.  Hence  charcoal 
aod  lead  are  called  single  or  deraenlary  bodies,  while  wood  and  all  oth- 
er substances  which  are  capable  of  being  resolved  into  two  or  more 
different  kinds  of  matter  are  called  compound  bodies. 

The  diversifled  fortns  of  matter  which  present  ihetnselvcs  to  our  no- 
tice in  the  mineral  crust  of  the  globe,  and  in  the  organs  and  vessels  of 
plants  and  animals,  are  absolutely  without  number.  We  can  no  more 
reckon  them  tjian  we  can  the  stars  of  heaven.  Yet  it  is  one  of  (hose  re- 
sults of  modern  chemistry  which  to  the  mind  not  yet  lamiliarized 
with  chemical  discoveries  appears  most  wonderful, — that  these  num- 
berless forms  of  matter  are  capable  of  being  resolved  into,  and  there- 
fore are  composed  or  made  tip  of,  only  55*  of  those  simple  or  ele- 
mentary substances,  the  nature  of  which  has  been  above  explained. 
Occasionally  these  elementary  substances  occur  in  a  separate  state,  as 
in  native  [so  called  when  found  in  the  malleable  state,]  ^Id  and  silver, 
but  they  are  generally  found  associated  together,  forming  substanees 
from  which  several  of  Ihe  SSsimple  bodies  may  be  extracted. 

All  the  material  substances  in  nature  consist  of  one  or  more  of  these 
55  elementary  bodies.  This  is  sufficiently  surprising,  yet  it  is,  if  pos- 
sible, still  more  remarkable  that  nearly  the  entire  mass  of  every  vege- 
table substance  may  be  resolved  into  one  or  more  of  four  only  of  these 
simple  substances. 

When  a  portion  of  animal  or  vegelable  matter  is  burned  It  either  en- 
tirely disappears  or  leaves  behind  it  only  a  small  quantity  of  ash.  Ani- 
mal and  vegetable  oils  and  fats,  gum,  sugar,  and  starch,  when  burned, 
disappear  entirely  ;  a  piece  of  wood  or  of  lean  meat  leaves  a  small 
qaantity  of  earthy  (inorganic)  matter  behind. 

Now  all  that  disappears  when  any  porlion  of  vegetablematter,  of  any 
kind,  is  burned,  consists  generally  of  tliree,  and  only  in  some  rare  cases 

■  The  names  of  Ihese  etemenlaiy  bodies  are  sa  foOowa  >-Oijgen,  hydrt^sn,  nkrogeo, 
BBlphur,  selenium,  phosphorus,  chlorine,  bromine,  Iodine,  fluorine,  earban,  boron,  silicon, 
polaBRium,  sodium,  ILtiiinm,  bariam.  alronllum,  calcium,  magnesium,  alulninlum,  glueininia, 

carlmium.  lead,  iln,  blumuLh,  copper,  uranium,  mercury  (qiflch silver),  sliver,  palladium, 
ttidlQm,  plaiinum,  gold,  oemium,  LiHiniam,  Liiniaium  (columlHiun),  iungaleo,  molibaenmii, 
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oF  more  than  four,  of  the  eleraeiilary  bodies.  These  four  are  ca.r!)on, 
osygen,  bydrosen,  and  nitrogon.  With  the  excepiiun  of  the  mailer  h' 
destructibteby  fire  (Ihe  ash),  cliemical  analysis*  has  hit  be  rio  failed  to  delect 
the  presence,  in  any  nmable  quantity,  of  more  than  ihese four  substances. 
The  same  remarks  apply  with  aliDost  equal  truih  tu  animal  subsiancea. 
The  desiruclible  part  of  ihesealsoeonsisis  of  the  same  four  elements. 

To  the  aariculturist,  therefore,  an  acquaintance  with  these  four  con- 
stitiient  patls  of  all  that  Hves  and  gnDwa  on  the  face  of  the  globe  is 
i  rid  is  pen  sable.  It  ia  impossible  for  him  lo  comprehend  the  laws  by 
wiiich  the  operations  of  nature  in  the  vegetable  kingdom  are  conducted, 
nor  ihe  reason  of  the  praoesses  he  himself  adoptsin  order  (o  facilitate  or  to 
modify  these  operations,  without  this  previous  knowledge  of  (lie  nature 
of  ihe  elements — the  raw  materials  as  it  were — out  of  which  all  ihe 
prodiicis  of  vegetable  growth  are  elabocaled. 

I  shall  first,  therefore,  exhibit  lo  you  briefly  ilie  propenies  of  (hese 
Q^-ganic  constituents  of  planis,  in  order  thai  we  may  be  prepared  for  the 
further  inquiries — by  what  means  or  in  what  form  ihey  enter  into  the  cir- 
culation of  plants — and  how,  when  they  have  so  entered,  ihey  are  con- 
vened into  those  substances  of  which  the  skeleton  of  the  plant  consists 
or  which  are  produced  in  ils several  organs. 

5  9,   Carbon — iUpropertiea  and  relations  to  vegetable  life. 

Carbon  is  the  name  given  by  chemists  to  the  substance  of  wood  ehar- 
cnnl  in  iis  purest  form.  When  wood  is  distilled  in  close  vessels,  or 
burned  in  heaps  covered  over,  so  as  to  ])revent  the  free  access  of  air, 
wood  charcoal  is  left  behind.  When  this  process  is  well  performed,  (he 
charcoal  consists  of  carbon  with  a  slight  admixture  only  of  earthy  and 
saline  matters,  which  remain  behind  on  burning  ihechareoal  in  the  air. 

Heated  in  the  air,  charcoal  burns  with  tittle  flame,  and,  wiih  the  ex- 
ception of  ihe  ash  which  is  lefr,  entirely  disappears,  ft  is  converted  into 
a  kind  of  air  known  among  chemists  by  ihe  name  of  carbonic  acid,  which 
ascends  as  it  is  formed  and  mingles  with  (he  atmosphere. 

Charcoal  is  light  and  [wrous,  and  floats  upon  water,  but  plumbago  or 
black  lead  and  the  diamond,  which  are  only  other  forms  of  carbon,  are 
heavy  and  dense.  The  former  is  SJ,  and  the  latter  3^,  times  heavier 
ihan  water.  The  diamond  is  ihe  purest  form  of  carbon,  and  at  a  high 
temperature  it  burns  in  (he  air  or  in  oxygen  gas,  and,  like  charcoal,  dis- 
appears in  ihe  state  of  carbonic  acid  gas. 

Of  this  carbon  all  vegetable  aubslances  contain  a  very  large  [Kirtion. 
It  forms  from  40  to  50  per  cent.,  by  weight,  of  all  the  parts  of  plants 
which  are  cultivated  liir  the  food  of  animals  or  of  man,  [that  is,  of  these 
plants  in  their  dried  slate.]  In  the  economy  of  nature,  therefore,  it  per- 
forms a  most  important  part. 

The  light  porous  charcoals  obtained  fn>m  wood  [especially  from  the 
willow,  the  pine,  and  the  box],  aod  from  animal  substances,  possess 
several  interesting  properties,  which  are  of  practical  application  in  the 
art  of  culture.  1°.  They  have  the  power  of  absorbing  in  large  quanti- 
ty into  their  pores,  the  gaseous  substances  and  vajtours  which  exist  in 
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the  atmosp'.iere  ;*  and  on  this  properly,  as  I  ahali  explain  hereafter,  ihe 
use  of  charcoal  powder  as  a  manure  probably  in  some  measure  depends. 
2°.  They  also  separate  from  waier  any  decayed  animal  matters  or  col- 
ouring subatancea  which  it  may  holil  in  solulion ;  hence  its  use  in  filters 
for  purifying  and  sweeiening  impure  river  or  spring  waters,  or  for  clari- 
fying syrups  and  oils.  This  action  is  so  powerful  that  port  wine  is 
rendered  perfectly  colourless  by  filtering  through  a  well  prejiaced  cliar 
coal. 

In  or  upon  the  soil  charcoal  for  a  time  will  act  in  the  same  manner, 
will  absorb  from  the  air  moisture  and  gaseous  substances,  and  from  ilie 
rain  and  Irora  flowing  waters  organized  matters  of  various  kinds,  any 
of  which  it  will  he  in  a  condition  lo  yield  10  the  plants  which  grow 
anaund  it,  when  they  are  such  as  are  likely  lo  contribute  lo  their 
growth. 

3°.  They  have  the  property  also  of  absorbing  disagreeable  odours  in 
a  very  remarkable  manner.  Hence  animal  food  keeps  longer  sweet 
when  placed  in  contact  wiih  charcoal — hence  also  vegetable  substances 
containing  much  water,  such  as  poiatoes,  are  more  eojnpletely  preserved 
by  the  aid  ofaquaniity  of  charcoal — and  hence  the  refuse  charcoal  of  the 
sugar  refiners  is  found  to  deprive  night-soil  of  its  disagreeable  odour,  and 
to  convert  il  into  a  dry  and  portable  manure.  4°.  They  exhibit  also 
the  still  more  singular  pmperty  of  extracting  from  water  a  portion  of  the 
salioe  substances  they  may  happen  to  holtl  in  solution,  an<i  thus  allow- 
ing it  10  escape  in  a  less  impure  form.  The  decayed  (half  carbonized) 
roots  of  grass,  which  have  been  long  subjected  to  irrigation,  may  act  in 
one  or  all  of  these  ways  on  the  more  or  less  impute  water  by  which 
lliey  are  irrigated — and  thus  gradually  arrest  and  collect  the  materials 
whicliare  fitted  to  promote  the  growth  of  the  coming  crop. 

5  3.  Oxygen — its  propeHies  and  relations  lo  vegetable  life. 

Oxygen  is  a  substance  with  which  we  are  acquainted  only  in  the  gas- 
eous or  aeriform  state. f  By  the  unaided  senses  it  cannot  be  distin- 
guished from  common  air,  being  void  of  colour,  taste  and  smell.  But 
if  a  hghled  taper  be  plunged  into  it,  the  flame  is  wooderfully  increased 
both  in  size  and  brilliancy,  and  the  taper  burns  away  with  great 
rapidity. 

The  effect  of  this  gas  upon  animal  life  is  of  a  similar  kind.  When 
a  living  animal  is  introduced  inio  a  large  vessel  filled  with  oxygen,  (he 
rapidity  of  the  circulation  is  increased,  all  the  vital  luneiions  are  stimu- 
lated and  excited,  a  state  of  fever  comes  on,  and  after  a  time  the  ani- 

By  these  two  characters,  onygen  is  distinguished  from  every  other  ele- 
mcuiary  body.  It  exists  in  the  atmosphere  to  the  amouot  of  21  percent, 
of  its  bulk,  and  in  this  state  of  air  is  necessary  to  the  existence  of  ani- 
mals and  of  plants,  and  to  the  support  of  conibusiion  on  the  face  of  the 
globe.  It  exists  also  largely  in  water,  every  nine  pounds  of  this  liquid 
containing  eight  pounds  of  oxygen. 

•  Thus  orammonis  ihei  abaotb  96  limeaihelr  orni  halk.of  auIphutciLEd  hjdrogen  BE  limea, 
of  osygen  9  (Imea,  oflijifroEsn  nearly  IwitE Iheir bulh,  gnd of  aqueoua  vapogr  so  mach m to 
liicreasf  Uicir  weiglit  from  10  Ir  "" 
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But  the  quanlity  of  tliis  substance  whicb  is  stored  up  in  ihe  solid  rocks 
Is  still  more  remarkable.  Nearly  oue-Iialf  of  ibe  wei^hi  of  the  solid 
rocks  wbicU  compose  ilie  crust  of  our  globe,  of  every  solid  substance  we 
see  around  us — of  (be  houses  in  which  we  live,  and  of  tlie  stones  on 
wbicb  we  tread — of  ibe  soils  wbieh  you  daily  cultivate,  and  much  more 
than  one-balf  by  weight  of  the  bodies  of  all  living  animals  and  plants, 
consist  of  ibis  elementary  body  oxygen,  known  to  us,  as  I  have  already 
said,  only  in  the  stare  of  a  gas.  It  may  not  appear  surprising  that  any 
oue  elementary  subslance  should  bave  been  formed  by  the  Creator  in 
such  abundance  as  to  constitute  nearly  one-half  by  weight  of  the  entire 
crusi  of  our  globe,  but  it  must  strike  you  as  remarkable,  that  this  should 
also  be  the  element  ou  the  presence  of  which  all  animal  life  depends — 
and  as  nothing  less  than  wonderful,  that  a  substance  which  we  know 
only  in  ihe  slate  of  thin  air,  should,  by  some  wonderful  mechanism,  be 
bound  up  and  imjtrisoned  in  such  vast  stores  in  the  solid  mountains  of 
the  globe,  be  destined  to  pervade  and  refresh  all  nature  in  the  form  of 
wafer,  god  (o  beautify  and  adorn  the  earth  in  the  solid  parts  of  animala 
and  plants.  But  all  oalure  is  full  of  similar  wonders,  and  every  step 
you  advance  in  the  study  of  the  principles  of  the  art  by  which  you  live, 
you  will  not  fail  to  mark  the  united  skill  and  bounty  of  the  same  great 

Oxygen  gas  is  heavier  than  common  air  in  the  jiroportion  of  about  11 
to  10  [its  specific  gravity  by  experiment  is  1'1026,  air  being  1]  ;  it  is 
also  capable  of  being  absorbed  by  water  lo  a  certain  extent.  One  hun- 
dred itieasurea  of  water  dissolve  6i  of  this  gas.  [De  Saussure.  Ac- 
cording lo  Dr.  Henry,  100  vo!unies  of  water  absorb  only3i  of  oxygen.] 
Rain,  spring,  and  river  waters,  always  contain  a  portion  of  oxygen 
which  lliey  have  derived  from  the  atmosphere,  and  ibisoxygen,  as  ihey 
trickle  tbroiigb  the  soil,  ministers  to  the  growth  and  nourishment  of  plants 
in  various  ways.   Some  of  these  will  be  explained  in  asubsequent  lecture. 

In  an  atmosphere  of  pure  oxygen  gas,  plants  refuse  lo  vegetate,  and 
speedily  perish. 

5  4.  Hydrogen — ilsproperdes  and  relations  iovtgelahle  life. 

Hydrogen  is  also  known  lo  us  only  in  the  slate  of  gas,  and  when  per 
fectly  pure  agrees  with  oxygen  and  common  air  in  being  without  colour, 
taste,  or  srnell.  It  is  noc  known  to  occur  in  nature  in  a  free  or  simple 
state,  nor  does  it  enist  so  abundantly  as  either  carbon  or  oxygen.  It 
forms  a  small  per  centage  of  the  weight  of  all  animal  and  vegetable 
substances,  and  conslitotes  one-ninth  of  the  weight  of  water,  but  with 
ihe  exception  of  coal,  it  does  not  enter  as  a  constituent  into  any  of  the  large 
mineral  masses  (hat  exist  in  the  crust  of  the  globe. 

When  a  lighted  taper  is  plunged  into  this  gas  it  is  immediately  ex- 
tinguished, but  if  in  contact  with  the  air  the  gas  itself  takes  fire  and  burns 
wiih  a  pale  yellow  flame.  If  previously  mixed  with  ait  oe  with  oxygon 
gas,  it  kindles  and  burns  with  a  loud  explosion.  Duriug  this  combus- 
tion water  is  formed.     [See  the  Second  Lecture.] . 

It  does  not  support  life,  animals  cease  to  breathe  when  introduced  into 
it,  and  plants  gradually  wither  and  die.  It  is  the  hgbtest  of  all  known 
substances,  being  about  141  times  lighter  than  common  air,  so  that  if  the 
Stopper  be  removed  fromabottlein  which  ilia  contained  it  almost  imme-  , 
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diately  escapes,  [ils  specific;  gravity,  liy  experiment,  is  0'0687,  air  be- 
ing 1.]  It  is  ilie  eiement  which  is  craployed  to  give  buo^aucy  to 
balltiODs ;  and  liy  tliis  great  levity  and  i<s  relalions  to  flame  ii  is  readily 
distinguished  from  all  other  known  substances. 

Water  absorbs  it  only  in  very  small  quantities,  100  gallons  laliing  up 
no  more  than  about  Ij  gallons  of  hydn^n  gas.  But,  as  already  ob- 
served, this  gas  does  not  exist  in  nature  in  a  Tree  stale — is  no)  necessary, 
therefore,  to  ihe  growth  of  plants  or  animals  in  this  state — and  lience  its 
insolubility  in  waier  is  in  unison  with  the  general  adaptation  of  every 
jiraperty  of  every  body,  to  the  health  and  growth  of  the  highest  orders 
of  living  beings. 

Hydrogen  gas  is  readily  obtained  from  water  by  pulling  into  it  a  few 
pieces  of  metallic  iron  or  zinc,  and  adding  a  little  sulphuric  acid  (oil  of 
vitriol).  Bubbles  of  the  gas  are  liberated  frotii  the  surface  of  (he  mc(tL), 
ascend  through  the  water,  and  may  be  collected  on  the  surface. 

§  5.  Nitrogen — its  properties  and  rdaiwns  to  vegetable  life. 
Nitrogen  is  also  known  to  us  only  in  the  form  of  gas.  It  exists  in  ihe 
atmosphere  to  the  amount  of  79  per  cent,  of  its  bulk.  It  is  witinjul 
colour,  taste,  or  smell.  Animals  and  plants  die  in  this  gas,  and  a  taper 
b  instantly  extinguished  wlien  introduced  into  it ;  the  gas  itself  under- 
going no  change.  It  is  lighter  tlian  atmospheric  air,  in  the  proportion 
of  971  to  100,  [its  density  is  0-976,  air  being  1.]  It  is  aa  essential 
constituent  of  the  air  we  breathe,  serving  to  temper  the  ardnur  with 
which  combustioji  would  proceed  and  animals  live  in  iiuJiiuled  oxygen 
gas.  It  forms  a  part  of  very  many  animal  and  of  some  vegetable  sub- 
stances, but  it  is  not  known  to  enter  into  the  composition  of  any  of  the 
great  mineral  masses  of  wliich  the  earth's  crust  is  made  up.  la  coal 
alone,  whieli  is  of  vegetable  origin,  it  has  been  detected  to  the  amount 
ofoneortwo  percent.  It  is  tliorefore  mijch  less  abundant  in  nature 
than  any  of  the  other  so  called  organic  elements— and  it  exhibits  much 
less  decided  properties  than  any  of  them ;  yet  we  shall  hereafter  see 
that  it  performs  certain  most  important  functions  in  reference  both  to  the 
growth  of  plants  and  to  the  nourishment  of  animals. 

One  hundred  volumes  of  water  dissolve  about  ll  Yolumcs  of  this 
gas.*  Spring  and  rain  waters  absorb  it  as  they  do  oxygen,  from  the  at- 
mospheric air,  and  bear  it  in  solution  to  the  roots,  by  which  it  is  not  un- 
likely that  it  may  be  conveyed  directly  into  the  circulation  of  plants. 

Such  ore  the  several  eletnentary  bodies  of  which  the  organic  or  de- 
itiiuctible  part  of  vegetable  substances  is  formed.  With  one  exception 
they  are  known  to  us  only  in  the  form  of  gases;  and  yet  out  of  liiese 
gases  much  of  the  solid  parts  of  animals  and  of  plants  are  made  up. 
When  alone,  at  the  ordinary  lemijeraiure  of  the  atmosphere  they  form 
invisible  kinds  of  air ;  when  united,  ihey  constitute  those  various  forms 
of  vegetable  matter  which  it  is  the  aim  and  end  of  the  art  of  culture  to 
raise  with  rapidity,  with  certainty,  and  in  abundance.  How  difficult 
to  understand  the  intricate  processes  by  which  nature  works  up  these 


UsbuUioniiisgBa. 


Permit  me,  in  conclusioc,  to  submit  lo  you  one  refleciion.  We  have 
seen  thai  oxygen,  hydrogen,  and  nitrogen,  are  all  gaseous  substances, 
which  when  pure  are  destitute  rf  colour,  taste,  and  smell.  They  can- 
not be  distinguished  by  the  aid  of  our  senses,  ^an  in  a  state  of  nature 
— uneducated  man — cannot  discern  that  they  are  different.  Yet  so 
simple  an  instruroeot  as  a  lighted  taper  at  once  shows  them  to  be  totally 
unlike  each  other.  This  simple  instrument,  therefore,  serves  us  in- 
stead of  a  new  sense,  and  rnake^  us  acquainted  with  properties  the  ex- 
istence  of  which,  without  such  aid,  we  should  not  even  have  suspected. 
Has  the  Deity  then  been  unkind  to  man,  or  stinted  in  his  benevolence 
in  withholding  the  gift  of  such  a  sense  t  On  the  contrary,  ho  has  given 
us  an  understanding  which  when  cultivated  is  better  than  twenty  new 
senses.  The  chemist  in  his  laboratory  is  better  armed  for  the  invesli- 
galion  of  nature,  than  if  bis  organs  of  sense  had  been  many  times  mul- 
tiplied. He  has  many  instruments  at  his  command,  each  of  which, 
like  ihe  taper,  lells  him  of  properties  which  neither  his  senses  nor  any 
other  of  his  instruments  can  discover;  and  the  further  his  researches 
ate  carried,  ihe  more  willing  does  nature  seem  to  reveal  her  secrets  to 
liim,  and  the  more  rapidly  do  his  chemical  senses  increase.  Do  you 
ihiiik  that  the  rewards  of  study  and  patient  esperimental  research  are 
confined  lo  the  laboratory  of  the  chemist,  and  that  the  Deity  will  prove 
less  kind  lo  you,  whose  daily  toil  is  in  the  great  laboratory  of  nature  t 
As  yet  you  see  but  faintly  the  reason  of  many  of  your  commonest  oper- 
ations, and  over  the  results  you  have  compacaiively  Utile  control — but 
the  light  is  ready  to  spring  up,  ihe  means  are  within  your  reach — you 
have  only  to  employ  your  minds  as  iiligenlly  as  you  labour  with  your 
hands,  and  ultimate  success  is  sure 
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LECTURE  II. 


§  I.   Charackrislic })roperiiea  of  organic  substances. 

Of  the  fnurelememary  sobstances  described  in  the  former  lecture,  the 
organic  part  of  all  aairaal  and  vegetable  aubslances  coBsists.  What  is 
iicderstood  by  the  terra  organie  has  also  been  eKplaioed, 

But  organic  substances  (.^jpsess  certain  characters  by  which  (hey  are 
distinguished  from  the  inorganic  or  dead  matter  of  (he  globe,  and  on 
which  their  connection  with  the  principle  of  life,  and  with  the  art  of 
culture,  entirely  depeads.  These  charaelerieiic  properties  are  chiefly 
the  following : 

1°.  They  are  all  easily  decomposed  or  destroyed  by  a  moderately 
high  temperature.  If  wood  or  straw  be  heated  in  the  air,  as  over  the 
flame  of  a  candle,  ii  becomes  charred,  burns,  and  is  in  a  great  measure 
dissipated.  So  sugar  and  starch  darken  in  colour  when  heated,  blaoii- 
en,  and  take  fire.  The  same  is  true  of  all  vegetable  subslances.  But 
limestone,  clay,  and  other  earthy  or  aiony  matters,  undergo  no  appar- 
ent change  in  such  circumstances — (bey  are  not  decomposed. 

2°.  When  exposed  to  the  air,  especially  if  it  be  warm  and  moist, 
vegetable  and  animal  substances  putrily  and  decay.*  They  decom- 
pose of  their  own  accord,  and  after  a  time  almost  entirely  disappear. 
Such  is  ncrt  (he  case  with  inorganic  matters.  If  tlie  rocks  and  siones 
crumble,  their  panicles  may  be  washed  away  by  the  rains  to  a  U)wer 
level,  but  they  never  putrify  or  wholly  disappear. 

3°.  They  consist  almost  entirely  of  two  or  more  of  the  (bur  organic 
elements  only.  The  mineral  substances  we  meet  with  on  the  earth's 
surface,  and  collect  for  oar  cabinets,  oHen  contain  puriioiia  of  many  ele- 
mentary bodies;  but,  with  few  exceptions,  the  organic  part  of  all  plants, 
that  wluch  lives  ond  grows,  coJitains  only  the  four  simple  substances 
described  in  my  former  lecture. 

4°.  They  are  distinguished  also  by  ibis  important  characier,  that 
they  canniH  be  formed  by  human  art.  Many  of  the  inorganic  ciiiii- 
pounds  which  occur  in  the  mineral  crust  of  the  globe  can  be  produced  liy 
ihe  chemist  in  his  laboratory,  and  were  any  corresponding  benefit  likely 
lo  be  derived  from  the  eKpendjture  of  time  and  labour,  tliere  is  reason  to 
believe  that,  with  a  few  exceptions,  nature  might  be  imitated  in  (lie  for- 
mation of  any  of  her  mineral  productions.  But  in  regard  to  organic  sub- 
stances, whether  animal  or  vegetable,  the  chemist  is  perfectly  at  fault. 
He  can  form  neither  woody  fibre,  nor  sugar,  nor  starch,  nor  muscular 
fibre,  nor  any  of  those  subslances  which  constitute  the  chief  bulk  of  ani- 
mals and  plants,  and  which  serve  for  the  food  of  animated  beings. 


BCIEWCE.  29 

This  is  an  itnportaDt  and  striking,  and  is,  I  believe,  likely  to  remain  it 
permauent  diatinctioD,  between  most  substances  of  organic  and  of  inor- 
ganic origin. 

Looking  back  at  the  vast  strides  which  organic  chemistry  has  made 
within  the  last  twenty  years,  and  is  still  continuing  to  make,  and  trust- 
ing to  the  continued  progress  of  human  discovery,  some  sanguine  chem- 
ists venture  to  anticipate  the  lime  when  the  art  of  man  shall  not  only 
acquire  a  dominion  over  that  principle  of  life,  by  the  agency  of  which 
plants  DOW  grow  and  alone  produce  food  lor  man  and  beaet,  but  shall  be 
able  also,  in  many  cases,  toimilateordispense  with  the  operations  of  that 
principle;  and  to  predict  that  the  time  will  come  when  man  shall  mau- 
ufacture  by  art  those  necessaries  and  luxuries  for  which  Le  is  now  wholly 
dependent  on  the  vegetable  kingdom. 

And,  having  conquered  the  winds  and  the  waves  by  the  agency 
of  steam,  is  man  really  destined  to  gain  a  victory  over  the  uncertain  sea- 
sons tool  Shall  he  come  al  last  to  tread  tlie  soil  beneath  his  feet  as  a 
really  useless  thing — to  disregard  the  genial  shower,  (odespise  the  influ- 
ence of  (he  balmy  dew — to  be  indiflerent  alike  to  rain  and  drought,  to 
cloud  and  to  suDsbine~lo  laugh  at  the  thousand  cares  of  iha  husband- 
man— to  pity  the  useless  toil  and  the  sleepless  anxieties  of  the  ancient 
tillers  of  ihe  soil  I  Is  the  order  of  nature,  through  all  past  time,  to  be  re- 
versed— are  the  entire  constitution  of  society,  and  llie  habits  and  pur- 
suits of  the  whole  human  race,  to  be  complejely  altered  by  the  pro- 
gress of  scientific  knowledge  ? 

By  placing  before  man  so  many  incitements  to  the  pursuit  of  know- 
ledge, the  will  of  the  Deity  is  ,tliat  out  of  this  increase  of  wisdom  he 
should  extract  the  means  of  increased  happiness  and  enjoyment  also. 
But  set  man  free  from  iHe  necessity  of  tilling  the  earth  by  the  sweat  of 
bis  brow,  and  you  lake  from  him  at  the  same  time  the  celtn  and  tran- 
quil pleasures  of  a  country  life — the  innocent  enjoymenls  of  tiie  return- 
ing seasons — the  cheerful  health  and  happiness  that  wail  upon  labour 
in  the  free  air  and  beneath  the  bright  sun  of  heaven.  And  for  whail — 
only  to  imprison  him  in  manufactories,  to  condemn  him  to  the  fretful 
and  feverish  life  of  crowded  ciiies. 

To  such  ends,  I  trust,  science  is  not  destined  to  lead ;  and  he  is  not 
only  unreasonably,  but  thoughtlessly  sanguine,  who  would  hope  to  de- 
rive from  organic  chemistry  such  power  over  dead  matter  as  (o  ho  able 
lo  fashion  it  into  food  for  living  animals.  With  such  consequences  be- 
fore us  it  seems  almost  sinful  to  wish  for  it. 

Yet,  that  this  branch  of  science  will  lead  to  great  ameliorations  in  the 
art  of  culture,  there  is  every  reason  to  believe.  It  will  explain  old  meth- 
ods— it  will  clear  up  anomalies,  reconcile  contradictory  results  by  es- 
plaining  the  principles  from  which  they  flow — and  will  suggest  new  meth- 
ods by  which  belter,  speedier,  or  more  certain  harvests  may  be  reaped. 

§  y.  Relative  proportions  of  organic  elements. 
Though  the  substanceof  plants  consists  chiefly  of  the  four  organic  ele- 
ments, yet  these  bodies  enter  into  the  constitution  of  vegetables  in  very 
different  proportions.  This  fact  has  already  been  adverted  to  in  a  gen- 
eral manner:  it  will  appear  more  distinctly  by  the  following  statement 
of  the  exact  quantities  of  each  element  contained  in  1.000  parts  by 
2»  v..oCk<k- 


weiglil  of  somo  of  the  more  important  kinds  uf  vegetable  substance  you 
are  in  the  habit  of  cultivating : — 


Carbon  .     ,  507  507  494  471  465  455  458  441 

Hydrogen  .  66  64  58  56  61  57  50  58 

Oxygen       .  389  367  350  349  401  431  387  439 

Nitrogen     .  38  23  70  24  42  34  15  13 

Ash  .      .      .  noisiiied  40  98  100  31  33  90  50 

1000*  moot  1000*  looof  loooj  looo*  looof  looof 

The  nnrabers  io  the  above  table  represent  the   constitution  of  the 
plants  and  seeds,  taken  in  the  stale  in  which  they  are  given  to  cattle  or 
are  laid  up  for  preservation,  and  then  dried  at  230°  Falirenbeil.     By 
this  drying  ihey  iost  severally  as  follows  : 
1000  parts  of  Potatoes  .     .     lost     . 
ditto         of  Wheat     .     .      —     . 
ditto        of  Hay    ...      —    . 
ditto         of  Aftermath  Elay  —     .    1 
ditto         ofOais     .     .     .      —     . 
ditit)         of  Clover  Seed  .      —     . 
ditto        of  Peas    ...    —    ■ 
In  crops  as  they  are  reaped,  therefore,  and  even  as  Ihey  are  given  for 
food,  much  water  is  present.     When  artificially  dried,  (he  carbon  ap- 
proaches to  one-half,of  their  weight — the  oxygen  to  more  than  one- 
l!iird§ — the   hydrogen  to  lillle  more  t.jian  5  per  cent. — and  ibe  nitrogen 
rarely  to  more  than  2J  per  cent.     These  pniporiions  are  variable,  but 
they  represent  very  nearly  the  relative  weights  iti  which  these  elements 
enter  into  the  constitution  of  those  forma  of  vegetable  matter  whieh  are 
raised  in  the  greatest  quantity  for  the  sup])ort  of  animal  life. 

Bui,  besides  the  organic  part,  vegetable  substances  contain  an  inor- 
ganic poilion,  which  remains  behiiid  in  the  fortn  of  ash  when  the  plant  is 
consumed  by  fire,  or  of  dust  when  it  decomposes  and  disappears  in 
consequence  of  natural  decay. 

In  the  dried  hay,  oats,  &c.,  of  which  the  com]>osition  is  represented 
in  the  above  table,  we  see  that  the  quanilly  of  ash  is  very  variable,  in 
oals  being  as  small  as  4  per  cent.,  while  of  hay  every  hundred  pounds 
left  10  of  ash.  A  similar  difference  is  observed  generally  to  prevail 
throughout  the  vegetable  kingdom.  Each  variety  of  plant,  when 
burned,  leaves  a  weight  of  ash,  more  or  less  peculiar  to  itself.  Herba- 
ceous plants  generally  leave  more  than  the  wood  of  trees — and  difTer- 
ent  parts  ofi^e  same  plant  yield  unlike  quantities  of  inorganic  malter.|| 

■  Bou93tii£e.u1t  Aniules  de  ChlDi.  et  lie  Flijs.  (1633)  uvii.  p.201n^ 
t  Ditto  ditlo  (lS39)Lxxi.  p.  113  Io  13S. 
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■  Thus  of  the  oak,  the  dried  barb  left  nO  of  ash— (he  dried  Isaven  S3~-the  dded  all 
-and  life  drjed  wood  only  2  parts  In  a  Ihoneandof  ash.— i><  Smmure. 
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These  fads  are  of  great  importance  in  the  thecry  and  io  ihe  enligbteneJ 
praelice  of  agriculture.  They  will  hereafter  come  under  special  and 
detailed  consideration,  when  we  shall  have  exsmined  the  natureof  ihe 
soils  in  which  plants  grow,  and  shall  l>e  prepared  to  consider  the  chemi- 
cal nature,  the  source,  and  the  functions,  of  ihe  inorgaiiii;  compounds 
which  exist  in  living  animal  and  vegetable  substances. 


From  the  details  already  preseoteiil  in  the  preceding  Leciut 
gard  to  the  properties  of  carbon  and  nitrogen,  and  the  circun 
under  which  they  are  met  with  in  nature, — it  will  readily  occur  lo  you 
that  neither  of  these  elementary  bodies  is  likely  to  enfer  directly,  or  in  a 
simple  state,  into  (he  circulation  of  ptanis.  The  former  (carbon)  being 
a.  solid  substance,'  and  insoluble  in  water,  cannot  obtain  admission  into 
the  pores  of  (he  roots,  (he  only  parts  of  the  plants  with  which,  in  nature, 
it  can  come  in  contact.  The  latter  (hydrogen)  does  not  occur  either  in 
the  atinosphere  or  in  the  soil  in  any  appreciable  quantity,  and  hence,  in 
its  simple  slate,  forms  no  part  of  the  food  of  plants.  OKygen  ajid  nitro- 
gen, again,  boih  exist  in  the  atmosphere  in  the  gaseous  state,  and  thi) 
former  is  known  to  be  inhaled,  under  certain  conditions,  by  the  leaves 
of  plants.  Nitrogen  may  also  in  like  manner  be  absorbed  by  the  leaves 
of  living  plants,  but,  if  so,  it  is  in  a  quantity  so  small  as  lo  have  hitherto 
escaped  detection.  The  two  latter  substances  (oxygen  and  nitrogen) 
are  also  slightly  soluble  in  water,  and,  besides  being  inhaled  by  the 
leaves,  may  occasionally  be  absorbed  in  minute  (]uantity  along  with  the 
water  taken  in  by  the  roots.  But  by  far  the  largest  proportion  of  these 
two  elementary  bodies,  and  the  whole  of  the  carbon  and  hydrogen 
which  find  their  way  into  the  interior  of  plants,  have  previously  entered 
into  a  state  of  mutual  combination — forming  what  are  called  distinct 
chemical  compounds.  Before  describing  the  nature  and  constitution  of 
these  compounds,  it  will  be  proper  to  explain,  1°.  the  constitution  of  the 
atmosphere  in  wliich  plants  live,  and,  2°.  the  nature  of  chemical  com- 
bination and  the  laws  by  which  it  ia  regulated. 

§4,   On,  die  constifuthniyf  the  atmtephere. 

The  air  we  breathe,  and  in  which  plants  live,  is  composed  principal- 
ly of  a  mixture  of  oxygen  and  nitrogen  gases,  in  the  proportion  very 
nearly  of  31  of  the  former  to  79  of  the  latter.  It  contains,  however,  as 
a  constituent  necessary  to  the  very  existence  of  vegetable  life,  a  small 
per  centage  of  carbonic  acid.  On  an  average  this  carbonic  acid 
amounts  to  about ^j^jjth  part'  of  tbe  bulk  of  the  air.  On  the  shores 
of  the  sea,  or  of  great  lakes,  this  quantity  diminishes;  audit  becomes 
sensibly  leas  as  we  recede  from  the  land.  It  is  also  leas  by  day  than 
by  night  (as  3-38  lo  4-32),  and  over  a  moist  than  o--'er  adty  soil. 

The  air  is  also  imbued  with  moisture.  Watery  vapour  is  every 
where  diffused  tiirough  it,  but  the  quantity  varies  with  the  season  of 
the  year,  with  the  climate,  with  the  nature  of  the  locality,  with  its  ald- 

Dflhe  y^rVnd'of  Ihe  day' give  i'lBvoluiilea  in  lOOtiO.    tire  nnmmum  «b9  674,  «nd  lh» 
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tuile,  anJ  with  ils  distance  from  ihe  equator.  In  temperate  clitnates, 
it  oscillates  on  the  aame  spot  between  J  and  IJ  per  cent,  of  the  weight 
of  the  air  ;  l)eing  least  in  mid-winter  and  greatest  in  the  hot  months  of 
summer.  Tliere  are  also  mingled  with  the  atmosphere,  traces  of  the 
vHBt  variety  of  substances  which  are  capable  of  rising  from  the  surface 
of  the  eartli  in  the  form  of  va|)oiir ;  such,  for  example,  as  are  given  off 
by  decaying  animal  or  vegetable  matter — which  are  the  produce  of 
disease  in  either  class  of  bodies— or  whith  are  evolved  during  theoper- 
Utions  of  nature  in  the  inorganic  kingdom,  or  hy  the  artificial  processes 
of  man.  Among  these  accidental  vapours  are  to  he  included  those 
miasmata,  which,  in  certain  parts  of  the  world,  render  whole  distiii^is 
iiidiealthy, — as  well  as  certain  compounds  of  ammonia,  which  are  infer- 
red to  exist  in  ibe  atmosphere,  because  they  can  he  delected  in  raiu 
wiiter,  or  in  snow  which  has  newly  fallen. 

In  this  constitution  of  the  atmosphere  we  can  discover  many  beauti- 
ful adaptations  to  the  wants  and  structure  of  animals  and  plants.  Tlie 
Hxeiting  eSect  of  pme  oxygen  on  the  animal  ecoiiomy  is  diluted  by  the 
large  aibnixtore  with  nitrogen ; — the  quantify  of  carbonic  acid  present 
is  sufficient  to  supply  food  to  the  plant,  while  it  is  not  so  great  as  to 
prove  injurious  to  the  animal ; — and  the  watery  vapour  suffices  to 
jTiaijiiiiin  the  requisite  moisture  and  flexibility  of  the  parts  of  both  tr- 
iors of  beings,  without  in  general  being  in  such  a  proportion  as  to  prove 
hurtful  to  either. 

Tlie  air  also,  hy  its  subtlety,  diflusea  itself  evei-ywliere.  Into  every 
fjore  of  ihe  soil  it  malies  its  way.  When  there,  it  yields  its  oxygen  or 
its  carbonic  acid  to  the  dead  vegetable  matter  or  to  the  living  root.  A 
sliower  of  rain  expels  the  half-corrupted  air,  to  be  succeeded  hy  a  purer 
portion  as  Ihe  water  retires.  The  heal  of  the  son  warms  the  soil,  and 
expands  the  imprisoned  gases, — these  partially  escape,  and  are,  as  be- 
fore, replaced  by  other  air  when  the  rays  of  (he  son  are  withdrawn. 

By  the  aciion  of  these  and  other  causes  a  constant  circulation  is,  to 
a  certain  exieot,  kept  up, — between  the  atmosphere  on  the  surfai;e, 
which  plays  among  the  leaves  and  stems  of  plants,  and  the  air  wliieb 
mingles  with  the  soil  and  ministers  to  the  roots.  The  precise  effect  and 
the  importance  of  this  provision  will  demand  our  consideration  in  a  fu- 
ture lecture. 

§5.  The  nature  and  laws  of  dieaietd  coinMnatioTt. 

The  terms  combine  and  combiitaCion  in  ciiemical  language  have  a 
strict  and  precise  application.  If  sand  and  saw-dust  be  rubbed  togeth- 
er in  a  mortar  they  may  ha  iniimateiy  intermingled,  but  by  pouring  wa- 
iter on  the  mass  we  can  separate  the  f  articles  of  wood  and  leave  iho 
sand  unchanged  behind.  So  if  we  stir  uatmeal  and  water  together,  wo 
may  cause  them  perfectly  to  mix  together,  but  by  the  aid  of  a  gentle 
heat  we  can  expel  the  water  and  obtain  dry  oatmeal  in  ils  original 
condition.  Or,  by  pulling  salt  into  water,  it  will  dissolve  and  disappear, 
and  form  what  is  called  a  solulioti,  but  by  boiling  it  down,  as  is  done 
in  our  salt-pans,  ilie  water  may  he  entirely  removed  and  the  salt 
procured  of  the  weight  originally  employeJ  and  possessed  of  its  origiuat 
properties. 

In  none  of  these  cnscis  h'.i3  any  chcmlral  nclio"  '.aken  place,  or  any 
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It  change  beeo  produced,  upoD  any  of  the  substances.     The  two 
lormer  were  merely  mixtures. 

In  ail  cases  ofcltemked  action  a  permanait  change  lakes  place  in  smne 
of  the  substances  employed ;  aodtMs  change  is  the  resulteither  of  a  chem- 
ical combinalion,  or  of  a  chemical  t/cconiposiHon. 

Thus  when  sulphur  is  burned  in  the  air,  it  is  converted  into  white  va- 
pours possessed  of  a  powerful  and  very  unpleasant  odour,  and  which 
continue  to  be  given  oif  until  the  whole  of  the  sulphur  is  dissipated. 

Here  a  solid  aubaianee  13  permanently  changed  into  noxious  vapours 
which  disappear  in  the  air,  and  this  change  is  caused  by  the  combination 
of  the  sulphur  with  the  oxygen  of  the  atmosphere. 

In  like  manner  when  limestone  ie  put  into  a  kiln  and  strongly  heated 
iir  burned,  it  is  changed  or  converted  into  quicklime — a  suhstance  very 
'iilferentin  its  properties  from  the  natural  limestone  employed.  But 
Ills  is  a  case  of  chemical  decomposition.  The  limestone  consists  of 
lime  and  carbonic  acid.  By  the  heat  these  are  separated,  the  latter  is 
driven  off  and  the  former  remains  in  the  kiln. 

Again,  when  a  jet  of  hydragen  gaa  is  kindled  in  the  air  or  in  OKjgeD 
gas   it  burns  with  a  pale  yellow  Same.     If  a  cold  vessel  he  held  over 
h    fl   a     it  speedily  becomes  bedewed  with  moisture,  aaddrojis  of  wa- 
Uec    upon  it.     How  remarkable  the  change  which  hydrogen  uti- 
d  during  this  combustion!     It  unites  with  the   oxygen  of  the 

an  pi  e  and  forms  water.  How  different  in  its  properties  is  this 
i  m  either  the  osygen  or  the  hydrogen  by  the  union  of  which  it  is 
1  ned  The  former  a  liquid,  the  laller  gases;  the  former  an  enemy 
all  nbusiion,  while  of  the  latter,  the  one  (byiirogen)  burns  readily, 
lie  b  (oxygen)  is  the  very  life  and  support  of  combustion  in  all  oth- 
er bodies. 

1°.  It  appears,  therefore,  that  chemical  combina  onu  de  ompo  on 
is  always  attended  by  a  permanent  change. 

2°.  That  when  combination  takes  place,  a  ne       ub  tan  e  a  ed 

differing  in  its  praperties  from  any  of  those  from  wh  ch       vas  p  oduced 
or  of  which  ii  consists. 

When  two  or  more  elementary  bodies  thus  uni  e  og  1  e  o  lo  a 
new  substance,  this  new  substance  is  called  a  c/e  al  o  pou  d 
Thus  water  is  a  compound  (not  a  mixture)  of  the  o  elen  en  ary  bod  es 
oiygen  and  hydr<^n. 

Now  when  such  combination  takes  place,  it  is  lound  o  do  so  atwaj  s 
in  accordance  with  certain  fixed  laws.     Thus : 

T.  Bodies  unite  tageihei  only  in  contUxnt  and  deJinUe proportions.  We 
can  mix  together  oxygen  and  hydrogen  gases,  for  example.  In  ony  pro- 
jioriion,  a  gallon  of  ftie  one  with  auy  number  of  gallons  of  the  other,  but 
if  we  burn  two  gallons  of  hydrogen  gas  in  any  greater  number  of  gallons 
of  oxygen,  they  will  only  consume  or  unite  with  one  gallon  of  the  oxy- 
gen, the  rest  of  this  gas  remainin|!  tanobanged.  A  quantity  of  water  will 
be  formed  by  this  union,  in  wbiclj  the  whole  of  the  hydrogen  will  be 
contained,  combined  with  all  the  oxygen  that  has  disappeared.  Under 
no  circumstances  can  we  hum  hydrogen  so  as  to  cause  it  to  consume 
more  oxygen,  or  from  a  given  weight  ot  iiydrogen  to  produce  more  than 
a  known  weight  of  -water.  And  as  oxygen  is  nearly  sisteen  times 
heavier  than  nitrogen,  it  is  obvious  that  one  gallon  of  the  former  is  about 
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eight  timea  heavier  than  two  gallons  of  the  latter,  sothat  by  weight  these 
two  gases,  when  thus  burned,  unite  together  nearly  in  the  proportion 
ofllo  8, — one  pound  ofhydrogen  forming  nine  pounds  of  water. 

Again,  when  pure  carbon  is  burned  in  the  air,  it  unites  with  a  fixed 
and  constant  weight  of  oxygen  to  form  carbonic  acid;  it  never  unites 
wiih  more,  and  it  does  not  form  carbonic  acid  when  it  unites  with  leas. 

Now  this  law  of  fixed  and  definite  proportions  is  Ibund  (o  bold  in  re- 
gard to  all  bodies,  and  in  all  cases  of  chemical  comhinatioQ.     Thus  we 
have  seen  that — 
Bj  weighL  _  Bj  weigh!. 

1  of  hydrogen  combines  with  8  of  oxygen  to  form  water. 

So6  of  carbon  combine .     .     .     8 carbonic  oxide, 

and  14  of  nitrogen S nitrous  oxide. 

Hence  1  of  hydrogen,  6  of  carbon,  and  14  of  niiragen  unite  respec- 
tively with  the  weight  (8)  of  oxygen.  These  several  numbers,  there- 
fore, are  said  to  be  equivalent  to  each  other  (they  are  equivaUnt  numbers). 
Or  they  represent  the  fixed  and  definite  proportions  in  which  these  seve- 
ral suhstancea  combine  together  (they  are  cUfinileproportiotuih).  Some 
chemists  consider  these  numbers  to  represent  the  relative  weights  of  the 
atoms  or  smatiest  particles  of  which  the  several  substances  are  made  up, 
and  hence  not  nnfrequently  speak  of  them  aa  the  atomic  weights  of  these 
substances,  or  more  shortly  thdr  atoms. 

For  the  sake  of  brevity,  it  is  often  useful  to  represent  the  simple.or 
elementary  boiiiea  shortly  by  the  initial  letter  of  their  names.  Thus 
hydrogen  is  represented  by  H,  carbon  by  C,  and  nitrogen  by  N,  and 
these  letters  are  used  to  denote  not  only  the  substances  themselves,  but 
tljal  quantity  which  is  recognised  as  its  equivalent,  proportional,  or 
atomic  weight.    Thus : 

Syml»1.  or  Blomtc  Name, 

welghls. 

H  denotes  1  by  weight,  of  hydrogen. 

C.     .     .     6 carbon. 

O.    .    .    S oxygon. 

N .     .     .  14* nitrogen. 

Chemical  combiitation  is  expressed  shortly  by  placing  these  letters  in 
joxia- position,  or  sometimes  in  brackets,  with  the  sign  plus  (-|-)  between 
them.  Thus  H  O  or  (H  -}-  O)  denotes  the  combiualion  of  one  atom  or 
equivalent  of  hydn»gen  with  one  of  OKygen,  that  is,, water ;  and  at  the 
same  lime  a  weight  of  water  (9),  equal  to  the  sum  of  the  atomic  weights 
(I  +  8)of  hydrogen  and  nitrogen. 

A  number  prefixed  or  appended  lo  a  symbol,  denotes  that  so  many 
equivalents  of  the  substance  represented  by  the  symbol  are  meanl,  as 
that  number  expresses.  Thus  2  HO,  3  H  O,  or  3(H  +  O},  mean  two 
or  three  equivalents  of  water,  3  H,  or  Hj  three  equivalents  of  liydrogen, 
and  4  G  or  C^,  2  N  or  Nj,  four  of  carbon  and  two  of  nitrogen  respec- 

11.  Not  only  are  the  qiiantilies  of  the  substances  which  unite  together 
definite  and  constant,  but  the  projierlies  or  qualities  of  the  substances 
formed  are  in  general  equally  so.     The  properties  of  pure  water  or  o*" 
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catboQic  acid  are  coostant  and  Invariable  under  wliati 
they  may  be  formed,  and  the  elements  of  which  they  consist,  whoa  they 
combine  together  in  the  same  proportions,  are  never  known  to  form  any 
other  campounds  but  water  and  carbonic  acid. 

This  law,  however,  (hough  generally,  is  not  universally  true.  Many 
substances  are  known  which  contain  (he  same  elements  united  logether 
in  the  same  proportions,  and  which,  nevertheless,  possess  very  diSerent 
properties.  Oil  of  turpenllne  and  oil  of  lemons  ace  in  this  condition. 
They  both  consist  of  the  same  elements,  carbon  and  hydrogen,  united 
together  in  the  same  proportions,  and  yet  thejr  sensible  properties  as  well 
as  their  chemical  relations*  are  very  dissimilar. 

Cane  sugar,  starch,  and  gum,  all  of  ihem  abundant  products  of  the 
vegetable  kingdom,  consist  also  of  the  same  elements,  carbon,  hydro- 
gen, and  osygen,  united  together  in  the  same  proportions,  and  may  even 
be  represented  by  the  m  /  i  (C  H  O  )  f  and  yet  these 
substances  are  as  unl  k  a  h      h  I        proj    rt    s,  aa  many 

boilies  are  of  which    h      h  1      mpos      n  is        yd  ffetent.     1*0 

compounds  thus  diffe      g         h        p    p  d  y  itaining  the 

same  elements,  in  the      m     p    p  h  h  en  the  name 

o{  IsoFneric  bodies.     I    I  all  h     e        as  ri  k     j  ore  familiar 

with  some  of  them  he    a 

3°.  Another  impor  a      law  by  wh    h      h  m      1  bmations  are 

regulated,  ia  known  hi  a      f    h    la        f     tii  pie  proportions- 

Some  substances  are  o  d      b        p  bl      f  un      g  her  in  more 

than  one  proportion.     Th  b  b      yg  n   n  several  pro- 

portions, forming  carb  d  b  d        al     a   d   &c.     Now 

when  such  is  the  case,  it  is  found  that  the  quaniiiy  (the  weight)  of  each 
substance  which  enters  into  the  several  compounds,  if  not  actually  re- 
presented by  the  equivalent  number  or  atoniie  weight,  is  represented  by 
some  simple  multiple  of  that  number.  Tims  two  equivalents  of  carbon 
unite  with  2,  3,  or  4  equivalents  of  oxygen,  to  form  carbonic  oxide, 
oxalic  acid,  and  carbonic  acid  respectively, — while  one  of  nitrogen  unites 
with  1,  2,  3,  4,  or  6  of  oxygen  to  form  a  series  of  compounds,  of  which 
the  last  (N  Oj),  nitric  acid,  is  the  only  one  I  shall  have  frequent  occa- 
sion to  speak  of  in  the  present  lectures. 

This  law  of  multiple  proportions,  though  of  great  importance  in 
chemical  theory,  I  do  no(  further  illustrate,  as  we  shall  have  very  little 
occasion  to  refer  lo  it  in  the  discussion  of  the  several  topics  which  will 
hereafter  come  belbre  us. 


Having  thus  briefly  explained  the  natuio  and  laws  of  chemical  com 
bination,  I  proceed  to  ma^ke  you  acquainted  with  those  chemical  com- 
pounds of  the  organic  elements  which  are  known  or  are  sujiposed  to 
minister  to  the  growth  of  plants. 

The  number  of  compounds  which  the  four  organic  oleraents  form 
with  each  other  is  almost  endless ;  but  of  this  number  a  very  few  only 
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are  known  to  niinisfer  directly  to  the  groivtli  or  nourishment  of  plants. 
Of  these,  water,  carbonic  acid,  ammonia,  and  nilrit:  acid,  aio  the  most 
important ;  but  it  will  be  necessary  shortly  to  advert  to  a  tew  others,  of 
ince  or  production  or  actbu  of  which  we  may  liMealler  liavu 

§  6.   Ofioaier  and  its  relalions  to  vegetable  life. 

Water  is  a  compou  d     f      j         and  hyd  h     proportion,  as 

already  Mated,  ofSfl  fm  Ifbl  lyw  ight,  or  of  1 
volume  of  oxygen  to       f  hyd    g 

tt  la  more   uuivera  Uy   d  ff    ed    h      gh  h  n  any   other 

chemical  compound  wi  I      hb  ar        qaidpf   m?  most  im- 

portant functions  in      f  al       d       g      bl    I  fe,  and  is  en- 

dowed wiih  propertie    by     hi        is  d    f  Uy    d  j     1  to  the  exist- 

ing condition  of  thing 

w^e  are  familiar  with  this  substance  in  three  several  states  of  cohe- 
sion,— in  the  solid  form  as  ice,  in  the  fluid  is  water,  and  in  the  gaseous 
as  steam.  At  33°  F.  and  at  lower  temperatures,  it  continues  solid,  at 
higher  temperatures  it  melts  and  forms  a  hqmd  (water),  which  a 
212°  F.  begins  to  boil  and  is  con^  erted  into  steam,  By  this  change  its 
bulk  is  increased  1700  limes,  and  it  becomes  nearly  two-fifths  lighter 
than  common  air,  [common  air  being  1  steam  is  0'69.]  It  therefore 
readily  rises  into  and  diSuses  itoelt  through  ths  atmosphere. 

X.  There  are  only  one  or  two  circumstances  in  which  water  in  tne  solid 
form  materially  affects  or  interferes  with  the  labours  of  the  agriculturist. 

1°.  During  the  frost  of  aseverewinter,  ihesoil  contracts  and  appears 
to  shrink  in.  But  the  water  contained  in  its  pures  freezes  and  expands, 
and  the  minute  crystals  of  ice  thus  formed  separate  the  particles  of  the 
soil  from  each  other.  This  expansion  of  the  water  in  dry  soils  may  not 
be  equal  to  the  natural  contraction  of  the  soil  itself,  yet  still  it  is  sufS- 
cient  to  cause  a  coiisiderahle  separation  of  ihe  earthy  particles  through- 
out the  whole  frozen  mass,  w  hen  a  milder  temperature  returns,  and  a 
thaw  commences,  the  soil  expands  and  gradually  returns  to  its  former 
bulk;  but  the  outer  layers  thaw  first,  and  the  particles  being  previously 
separated  by  the  crystals  of  ice,  and  now  loosened  by  the  thaw,  fall  off 
or  crumble  down,  and  thus  the  soil  becomes  exposed  to  Ihe  mellowing 
action  of  the  atmosphere,  which  is  enabled  everywhere  to  pervade  it. 
On  heavy  clay  land  (his  effect  of  the  winter's  frost  not  unfrequently 
proves  very  beneficial.* 

2°.  In  the  Eirm  of  snow  it  has  been  often  supposed  to  be  beneficial  to 
winter  wheat  and  other  crops.  Tiiat  a  heavy  fall  of  snow  will  sheiler 
and  protect  the  soil  and  crap  from  the  destructive  effects  of  any  severe 
cold  which  may  follow,  there  can  be  no  doubt.  It  forms  a  light  pnrous 
covering,  hy  which  the  escape  of  heat  from  the  soil  is  almost  entirely 
prevented.  It  defends  the  young  shoots  also  from  those  alternations  of 
temperature  to  which  the  periodical  return  of  the  sun's  rays  continually 
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exposes  them  ;*  and  when  a  thaw  arrives,  by  sbwly  meliing,  it  allows 
the  lender  herbage  gradually  to  accustom  itself  to  the  milder  atmosphere. 

In  this  manner  there  is  no  doubt  that  a  fall  of  snow  may  often  be  of 
great  service  to  the  practical  farmer.  But  some  believe  that  winter 
wheat  actually  ihnoes  under  snow.  On  tbis  point  I  cannot  speak  from 
personal  knowledge,  but  I  will  here  mention  two  facis  concerning  snow, 
which  may  possibly  be  connected  with  its  supposed  nourishing  quality. 

■     ■     -^       ■  ...  .  .  -yotammo- 


In  the  first  place,  snow  generally  contains  a  certain  quantity  ol 
nia,  or  of  animal  matter  which  gives  off  amotonia  during  its  decay. 
This  quantity  is  variable,  and  is  occasionally  so  small  as  to  be  very  dit- 
ficult  of  detection.  Liebig  found  it  in  the  snow  of  the  neighbourhood  of 
Giessan,  and  I  have  (his  winter  detected  traces  of  it  in  (he  snow  which 
i'eli  in  Durhanif  during  two  separate  storms.  This  ammonia  is  present 
in  greater  quantity  in  the  first  portions  that  fall  and  lie  nearest  the  plant. 
Hence  if  the  plant  can  grow  beneath  the  snow,  this  ammonia  may  affect 
its  growth ;  or  when  the  tirst  thaw  comes  it  may  descend  to  (he  root,  and 
may  there  be  imbibed.  Rain  water  also  contains  ammonia,  but  when 
lain  falls  in  large  quantity  it  runs  oiF  the  land,  and  may  do  less  good  than 
the  snow,  which  lies  and  melts  gradually.  [For  the  properties  of  am- 
monia, see  Lecture  111.] 

Another  singular  properly  of  suow  is  tlie  power  it  possesses  of  ab- 
sorbing oxygen  and  nilrogen  from  the  atmosphere,  in  proportions  very 
different  from  those  in  which  ihey  exist  in  the  air.  The  atmosphere,  as 
already  stated,  contains  31  percent,  of  oxygen  by  volume  (or  bnlk),  but 
the  air  which  is  present  in  the  pores  of  snow  has  been  found  by  various 
observers  to  contain  a  much  smaller  quantity.  Boussingaull  [Annalen 
derPhysicb  (Poggendorf),  xxsiv.,  p.  211,]  obtained  fmm  air  disengaged 
by  raeftiog  snow  17  per  cent,  of  oxygen  only,  and  De  Saiissure  found 
still  less.  The  difficulty  of  respiration  experienced  on  very  high  moun- 
tains has  been  attribniea  to  the  nature  of  the  air  liberated  from  snow 
when  melted  by  the  sun's  rays.  Whether  the  air  retained  among  the 
pores  of  the  snow,  which  in  severe  winters  covers  our  corn-fields,  be 
equally  deficient  in  oxygen  with  that  examined  by  Boussingaull,  and 
whether,  if  it  be,  the  abundance  of  nilrogen  can  at  all  affect  vegetation, 
are  matters  that  still  remain  undetermined, 

II.  In  the  fiuid  state,  that  of  water,  the  agency  of  this  compound  in 
reference  to  vegetable  life,  though  occasion^y  obscure,  is  yet  every- 
where discernible. 

Pure  water  is  a  colourless  transparent  fluid,  destitute  of  either  taste  or 

-  The  Effecta  gf  such  alleniiitions  ers  seen  on  the  occnrrencs  of  b  night's  frost  In  spriw 
If  the  san's  rays  fsll  in  the  early  moralng,  on  a  frozan  aliool,  II  droops,  withers,  Bnil  blacE- 

t6Mh  i"ti»\fiet'the'^whDlB"3ni08phers''has  been  gradually^esied.  Mid  the  frozen'ufflue 

Injuring,  cherish  &nd  Inulgorale  II.    This  eO^ct  of  euddea  allernaiions  af  (emperulure  on  or. 
ganlc  tnatler  ejiplalns  many  phenomena,  lo  which  It  woald  hers  be  out  of  place  lo  adven, 

A  Lhlck  light  covering  or  pomus  earth  not  beaten  down  presariCB  the  potaMe  pit  from  the 
eEfflcIs  of  the  frost  hetler  ihan  a  solid  compact  ooaUnj;  of  olaj.  in  Ilie  same  way  as  snow 

coveting,  [hal  Ice  may  be  preserved  more  effeoinaUy,  and  for  a  longer  period.  In  a  similar 
t  By  sddlni!  [vro  drops  of  sulphuric  acid  to  four  pints  ot  snow  water,  eiaporatlng  to  diy- 

lalned  B  brown  organic  maUer,  mlied  with  the  sulphate  of  aniaioula.  /  •■  | 
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stuell.  It  enters  largely  into  the  constitution  of  all  living  animals  and 
plants,  and  forms  upwards  of  one  lialf  of  (he  weight  of  all  the  newly 
gathered  vegetable  substances  we  are  in  the  habit  of  cultivating  or  col- 
feeling  for  the  use  of  man.     [See  page  30.] 

Not  only  does  it  enter  thus  largely  into  the  constitution  of  all  ani- 
mals and  plants,  but  in  the  esisiing  economy  of  n"" —  '" '~ 


je  quantities  is  absolutely  necessary  to  the  persistence  of  animal  and 
vegetable  life.  In  (he  midst  of  abundant  springs  and  showers,  plants 
shoot  forth  with  an  amazing  rapidity,  while  they  TOther,  droop,  and  die, 
when  water  is  withheld.  How  much  the  manifestation  of  life  is  de- 
pendent upon  its  presence,  is  beautifullyillustra'edby  some  of  the  hum- 
bler tribes  of  plants.  Certain  moasescanbe  ke^ilong  in  the  herbarium, 
and  yet  will  revive  agsun  when  the  dried  specimens  are  immersed  in 
water.  At  Manilla  a  species  of  Iiyeopodium  grows  upon  the  rocks, 
which,  though  kept  for  years  in  a  dried  slate,  revives  and  expands  its 
foliage  when  placed  in  water  [the  Spaniards  call  it  Trisle  de  Corazon, 
Sorrow  of  the  Heart. — Burnet's  Wanderinga,  p.  72.]  Thus  life  liaaers 
as  it  were,  unwilling  to  depart  and  rejoicing  to  display  itself  again,  when 
the  moisture  returns." 

There  are,  however,  three  special  properties  of  water,  which  are  in 
a  high  degree  interesting  and  important  to  the  practical  agricnllurlst, 
and  to  which  I  beg  to  direct  your  particular  attention.     These  are : 

1".  Its  solvent  power; 

2'.  Its  affinity  for  certain  solid  substances;  and, 

3°.  The  degree  of  afliniiy  by  which  iis  own  elements  are  held  to- 
gether. 

1°.  When  pure  boiled  wafer  is  exposed  to  the  air,  it  gradually  ab- 
sorbs a  quantity  of  the  several  gases  of  which  the  atmosphere  is  corn- 
more  or  leas  of  asparkling  appearance  and  an  ngree- 
X  which  it  thus  absorbs  amounts  to  about  ^th  of  its 
own  nuiK,  ana  is  entirely  expelled  by  boiling.  When  ihtis  espollod, 
this  air,  like  that  obtained  from  snow,  is  found  on  enaminalion  to  contain 
the  oxygen,  nitrogen,  and  carbonic  acid  in  proportions  very  different  from 
those  m  which  they  exist  in  the  atmosphere.  In  the  latter,  oxygen  is 
present  to  the  amount  of  only  21  per  cent,  by  volume,  while  the  air  ab- 
sorbed by  water  contains  30  to  39  per  cent,  of  the  same  gas.  In  like 
manner,  the  mean  quantity  of  carbonic  acid  in  the  air  does  not  exceed 
j-j^^jith  pans  (0'05  per  cent.)  of  its  bulk,  while  that  expelled  from  water, 
which  has  been  long  exposed  lo  the  air,  varies  from  11  to  60  ten  thou- 
sand parts  (0-11  to  0-6f  per  cent.) 

Th«  InhabiUnts^r  sonie  land  anri  'eien  'marine  shells  lnayL"drJod  and  presM°«d  for  a  ton's 

aUu^  iKJtfr.  Bauer,  altar  an  apparenl  dealh  afnaaily  ale  yaara,  by  merely  aiialtiiv  it  >n 
waler.  The  FuroiLoia  AnaataheOyA  amall  Tniar«copIa  animal,  may  be  madeCo  iindergo 
apparent  death  snd  reauuEtatlon  mAnj  Umafi,  1^  altemata  drying  and  nmistenin;^.  Accoril- 
En^  lo  SpallanEBni,  anlnialeull  have  been- racorered  Ivmaielure,  alHer  a  torpor  of  ^  years, 
Theia  lacu  tend  la  lessen  onr  enrpriae  al  the  alleged  loDgevKy  of  ihe  aeeda  of  filimis. 
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.  Thus  when  water  falls  in  rain  or  trickles  along  the  surface  of  the 
land,  it  absorbs  these  gaseous  subslaaees,  carries  them  with  it  wherever 
it  goes,  conveys  them  to  the  roots,  and  into  the  circulation  of  planis,  and 
thus,  as  we  shall  hereader  see,  makes  them  all  minister  to  the  growth 
and  nourishment  of  living  vegetables. 

Again,  water  possesses  the  power  of  dissolving  many  solid  substances. 
If  sugar  or  salt  be  mixed  with  water  in  certain  quantities,  they 
speedily  dieappear.  In  like  manner,  many  other  bodies,  both  simple 
and  compound,  are  taken  up  hy  this  liquid  in  greater  or  less  quan- 
tity, and  can  only  be  recovered  by  driving  oB'the  water,  through  the  aid 

Thus  it  happens  that  ihe  water  of  our  springs  and  rivers  is  never 
pure,  but  holds  in  solution  more  or  less  of  certain  solid  substances. 
Even  rain  water,  washing  and  purifying  the  atmosphere  as  it  descends, 
brings  down  portions  of  solid  matter  which  had  previously  risen  into  the 
air  in  the  form  of  vapour,  and  as  it  afierwards  flows  along  or  sinks  into 
the  surface  of  the  soil,  it  meets  with  and  dissolves  other  solid  substances, 
the  greater  portion  of  which  it  carries  with  it  wherever  it  enters.  In 
this  way  solid  substances  are  conveyed  lo  the  roots  of  plants  in  a  fluid 
form,  which  enables  ihem  to  ascend  with  the  sap ;  and  the  supply  of 
these  naturally  solid  substances  is  constantly  renewed,  by  (ha  succes- 
sive passage  of  new  portions  of  flowing  water.  We  shall  hereafter  he 
able  to  see  more  clearly  and  lo  a|]preciate  more  justly  this  beautiful  ar- 
rangement of  nature,  as  well  as  to  understand  how  indispensable  it  is  to 
the  continued  fertility  of  the  soil. 

Nor  is  it  merely  earthy  and  saline  substances  which  the  water  dis- 
solves, as  it  thus  percolates  through  the  soil.  It  takes  up  also  sub- 
atanees  of  organic  origin,  especially  portions  of  decayed  animal  and  ve- 
getable m  alter, — such  as  are  supposed  to  be  capable  of  ministering  to 
ihe  growth  of  plants, — and  brings  ihem  within  reach  of  the  roots. 

This  solvent  jwwer  of  water  over  solid  substances  is  increased  by  an 
elevation  of  temperature.  Warm  water,  for  example,  will  dissolve 
Epsom  salts  or  oxalic  acid  in  much  larger  quantity  than  cold  water 
will,  and  the  same  is  true  of  nearly  all  solid  substances  which  this  fluid 
is  capable  of  holding  in  solution.  To  this  increased  solvent  power  of 
the  water  they  absorb,  is  ascribed,  among  other  causes,  the  peculiar 
character  of  the  vegetable  productions,  as  well  as  iheir  extraordinary 
luxuriance,  in  many  tropical  countries. 

a°.  But  the  affinity  which  wafer  exhibits  for  many  solid  substances  is 
little  less  important  and  remarkable. 

When  newly  burned  lime  is  throwfi  into  a  limited  quantity  of  water 
the  latter  is  absorbed,  while  the  lime  heats,  cracks,  swells,  and  finally 
falls  to  a  white  powder.  "When  thus  perfectly  slaked,  it  is  found  to  be 
one-third  heavier  than  before — every  three  tons  having  absorbed  one 
ton  of  water.  This  water  is  retained  in  a  solid  form,  more  solid  than 
water  is  when  in  the  state  of  ice,  and  it  caniiot  be  entirely  separated 
from  the  lime  without  the  application  of  a  red  heat.  When  you  lay 
upon  your  land,  therefore,  four  tons  of  slaked  lime,  you  mix  with  your 
soil  one  ton  of  water,  which  the  lime  afterwards  gradually  gives  up, 
either  in  whole  or  in  part,  as  it  combines  with  other  substances.  To 
this  fact  we  sliall  return  when  we  hereafter  consider  the  vari<)iiKfiiay«K 
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in  wliieli  lime  acts,  when  it  is  employed  by  the  farroer  for  tlie  purpose 
of  improving  his  land.  [See  the  subsequent  lecture,  "  Ob  (fie  action  of 
lime  when  employed,  as  a  manure."] 

For  clay  also,  water  haa  a  considerable  affinity,  though  by  no  means 
equal  to  that  which  it  displays  (or  quicklirae.  Hence,  even  in  well- 
drained  clay  lands,  the  hottest  summer  does  not  entirely  rob  the  clay  of 
its  water.  It  cracks,  contracts,  and  becomes  hard,  yet  still  retains 
water  enough  to  keep  its  wheat  crops  green  and  flourishing,  when  the 
herbage  on  lighter  aoils  is  drooping  or  burned  op. 

A  similar  a^niiy  for  water  is  one  source  of  the  advantages  which  are 
known  to  follow  from  the  admixture  of  a  certain  amount  of  vegetable 
matter  with  ihe  soil;  though,  as  in  the  case  of  charcoal,  its  porosity* 
is  probably  more  influential  in  retaining  moisture  near  the  roots  of 
the  plants,  f 

3°.  The  degree  of  affinity  by  which  the  elements  of  water  are  held 
together,  exercises  a  materia!  influence  on  the  growth  and  production 
of  all  vegetable  substances. 

If  I  burn  a  jet  of  hydrogen  gas  in  the  air,  water  is  formed  by  the 
union  of  the  hydrogen  with  the  oxygen  of  the  atmosphere,  for  which  it 
manifests  on  many  occasions  an  apparently  powerful  affinity.  But  if 
into  a  vessel  of  water  I  put  apiece  of  iron  or  zinc  and  then  add  sulphuric 
acid,  the  uiafar  is  decomposed  and  the  hydrogen  set  free,  while  the 
metal  combines  with  the  oxygen. 

So  in  the  interior  of  plants  and  animals,  water  undergoes  continual 
decomposition  and  ^composition.  In  its  fluid  slate,  it  finds  its  way 
and  exists  in  every  vessel  and  in  every  tissue.  And  so  slight,  it  would 
appear,  in  such  situations,  is  the  hold  which  its  elements  have  upon 
each  other— or  so  strong  their  tendency  to  combine  with  other  substan- 
ces, that  they  are  ready  to  separate  from  each  other  at  every  impulse — 
yielding  now  oxygen  to  one,  and  now  hydrogen  to  another,  as  the  pro- 
duction of  the  several  compouDds  which  each  organ  is  destined  to  elab- 
orate respectively  demands.  Yet  with  tlie  same  readiness  do  they 
again  re-attach  themselves  and  cling  together,  when  new  metamorphoses 
require  it.  It  is  in  the  form  of  water,  indeed,  that  nature  introduces 
the  greater  portion  of  the  oxygen  and  hydragen  which  perform  so  im- 
portant a  pan  in  the  numeraus  and  diversified  changes  which  take  place 
in  the  interior  of  plants  and  animals.  Few  things  are  really  more  won- 
derful in  chemical  physiology,  than  the  vast,  variety  of  transmutations 
which  are  continually  going  on,  through  the  agency  of  the  elements  of 

III.  In  the  state  of  vapour  water  ministers  most  materially  to  the 
life  and  growth  of  plants.  It  not  only  rises  into  the  air  at  212=  Fahr. 
when  it  begins  to  boil,  but  it  disappears  or  evaporates  from  open  vessels 
at  almost  every  temperature,  with  a  rapidity  proportioned  to  the  previ- 
ous dryness  of  the  air,  and  to  the  velocity  and  lomperature  of  the  at- 
mospheric currents  which  pass  over  it.     Even  ice  and  snow  are  grad- 

•  ^mily  for  wattreauEes  vtgelable  matter  to  combine  ehemioollj  with  il,poroai(j|  oiasei 

«olId  pans  of  living  ve&ferabled,  see  a  aubsoqueot  Lecture,  •'  On  the  nalure  and  pjiidiutian 
tf  lAemlialanceay'tiAkhplimle  cM^ifeotuial."  ,  '  i 


ually  dissipated  in  the  coldest  weather,  acd  soinetiraea  with  a  degreo 
if  velocity  which  at  first  sight  seems  truly  aucpiising,* 

It  thus  happens  that  ihe  atmosphere  is  constantly  impregnated  widi 
watery  vapour,  which  in  this  gaseous  state  accompanies  the  air  where- 
ever  it  penetrates,  permeates  the  soil,  pervades  the  leaves  and  pores  of 
plants,  and  gains  admission  to  the  lungs  and  general  vascular  system  of 
animals,  we  cannot  appreciate  the  influence  which,  in  this  highly 
comminuted  form,  water  exercises  over  the  general  economy  of  orgaiuo 

But  it  is  chiefly  when  it  assnmes  the  form  of  rain  and  dew,  and  re- 
descends  to  the  earih,  that  the  benefits  atbing  from  a  previous  conversion 
of  the  water  into  vajjour  become  distinctly  appreciable.  The  quantity 
of  vapour  which  the  air  is  capable  of  holding  in  suspension  is  depend- 
ent upon  its  temperature.  At  high  temperatures,  in  warm  climates,  or 
w  h  can    sustain  more — at  low   temperatures   less. 

H  wh  t  ofcomparalively  warm  air  loaded  with  moisture 

d  1  contact  with   a  cold   mountain  top,  it  is  cooled 

d  d     d       apable  of  holding  the  whole  of  the  vapour  in  aus- 

p  d   h      f       leaves  behind  in  the  form  of  a  mist  or  cloud,  a 

p  rti  f  w  J  burdeo.  Id  rills  subsequently,  or  springs,  the 
1  p        1        h  ch  float  in  the  midst,  re-appear  on  the  plains  be- 

h   b      g    g  hmentt  at  once,  andagreatefulreiief  tothe  thirsty 

h        w  ents  of  air  charged  with  moisture,  but  of  unequal 

m]  m  the  atmosphere,  they  mix,  and  the  mixture  has 

h  1  of  the  two  currents.     But  air  of  ihU  mean  teia- 

p  p  b!    of  holding  in  suspension  the  mean  quantity  of  wa- 

y        p(         h  as  before,  a  cloud  is  formed,  and  the  excess  of 

at  f  li         h      arih  in  the  form  of  rain.     In  descending  to  refresh 

h  h     h  d   charges  in  its  progress  another  ofBce.     It  washes 

the  air  as  it  passes  thlh>ugh  it,  dissolving  and  carrying  those  accidental 
vapours  which,  though  unwholesome  to  man,  are  yet  fitted  to  minister 
lo  the  growth  of  plants. 

The  dew,  celebrated  through  all  times  and  in  every  tongue  for  its  sweet 
influence,  presents,  the  most  beautiful  and  striking  illustration  ofihe  agen- 
cy of  water  in  the  economy  of  nature,  and  exhibits  one  of  those  wise  and 
bountiful  adaptations,  by  which  the  whole  system  of  things,  animate  and 
inanimate,  is  fitted  and  bound  together. 

All  bodies  on  the  surface  of  the  earth  radiate,  or  throw  out  raya 
of  heat,  in  straight  lines — every  warmer  body  to  every  colder ;  and  the 
entire  surface  is  itself  continually  sending  rays  upwards  through  tlia 
clear  air  into  free  space.  Thus  on  the  earth's  surface  all  bodies  strive, 
as  it  were,  after  an  equal  temperature  (an  equilibrium  of  heat),  whilo 
•  Mr.  Howard  Stares  IhUacirtulBrpalcli  of  apQwBinelisa  Iq  dismeler  losl  in  Ihe  monU, 

close  of  lbs  Any,  when  eipoaerl  lo  b  sniart  breezs  on  a  house-lop.  Wm  an  acre  of  snow 
IhiB  would  be  aqual  to  lOOIJ  laUons  of  waler  during  the  nijht  only.— Pi-oul' i  Bridgeioalir 
Treatiae,  p.  303 ;  Stasdifiad.  J^m/KL,  arl.  Melforalagy. 

1  slaled  IhW,  in  IhE  inlense  cold,  aat  only  liiing  todies— Ijut  Iha  verj 

if  this  nouri^menl  see  the  subsequent  Leclurss,  "Oalheii 
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the  surface  as  a  whole  tends  gradually  towards  a  cooler  stale.  Bal 
white  the  sun  shines  thia  cooling  will  not  take  place,  for  the  earth  then 
receives  in  general  more  heat  than  it  gives  oS',  and  if  tJie  clear  sky  be 
shut  out  by  a  canopy  of  clouds,  these  will  arrest  and  again  throw  baek 
a  portion  of  the  iieat,  and  prevent  it  from  being  so  speedily  dissipated. 
At  night,  then,  when  the  sun  is  absent,  the  earth  will  cool  the  most ;  on 
clear  nights  also  more  than  when  it  is  cloudy,  and  when  clouds  only 
partially  obscure  the  sky,  those  parts  will  become  coolest  which  look  to- 
wards the  clearest  portions  of  (he  heavens. 

Now  when  the  surface  cools,  the  air  in  contact  with  it  roust  cool  also  ; 
and  like  the  warm  currents  on  the  mountain  side,  must  forsake  a  portion 
of  the  watery  vapour  it  has  hitheitn  retained.  This  water,  like  the  fioat- 
ing  mist  on  the  hilts,  descends  in  particles  almost  infinitely  minute. 
These  particles  collect  on  every  leaflet,  and  suspend  themselves  from 
every  blade  of  grass,  in  drops  of  "pearly  dew." 

And  mark  here  a  beautiful  adaptation.  DiflTerent  substances  are  en- 
dowed with  the  property  of  radiating  (heir  heat,  and  of  thus  becoming 
cool  with  different  degrees  of  rapidity,  and  those  substances  which  in 
the  air  become  cool  first,  also  attract  first  and  most  abundantly  the  par- 
ticles of  falling  dew.  Thus  in  the  cool  of  a  summer's  evening  the  grass 
plot  b  wet,  while  the  gravel  walk  is  dry ;  and  the  thirsty  pasture  and  ev- 
ery green  leaf  are  drinking  in  the  descending  moisture,  while  the  naked 
land  and  the  barren  highway  are  still  unconscious  of  its  fall. 

How  beautiful  is  the  contrivance  by  which  water  is  thus  evaporated  or 
distilled  as  it  were  into  the  atmosphere — largely  perhaps  from  some  par- 
■  ticular  spots, — then  diffused  equably  througfi  the  wide  and  restless  air, — 
and  afterwards  precipitated  again  in  refreshing  showers  or  in  long-mys- 
lerious  dews!*  But  how  much  more  beautiful  the  contrivance,  I  might 
almost  say  the  instinctive  tendency,  by  which  the  dew  selects  the  objects 
on  which  it  delights  to  fall ;  descending  first  on  every  living  plant,  copi- 
ously ministering  to  the  wants  of  each,  and  expending  its  superfluity 
only  on  the  unproductive  waste. 

And  equally  kind  and  bountiful,  yet  provident,  is  nature  in  all  her 
operations,  and  through  all  her  works.  Neither  skill  nor  materials  are 
ever  wasted;  and  yet  she  ungrudgingly  dispenses  her  favours,  apparent- 
ly without  measure, — and  has  subjected  dead  matter  to  laws  which 
compel  it  to  minister,  and  yet  with  a  most  ready  willingness,  lo  the 
wants  and  comforts  of  every  living  thing. 

And  how  unceasingly  does  she  press  this  her  eicample  not  only  of  un- 
bounded goodness,  but  of  universal  charity — above  all  other  men — on 
the  attention  of  the  tiller  of  the  soil.  Does  the  corn  spring  mora 
freshly  when  scattered  by  a  Protestant  hand — are  tiie  harvests  more 
abundant  on  a  Catholic  soil, — and  does  not  the  sun  shine  alike,  and  the 
dew  descend,  on  the  domains  of  each  political  party  1 


'  The  beauty  of  Ihis  smmgeiaenl  ftppears  mare  striking  when  we  i»Dslder  thai  Ibe  whole 
mora  Uiao  BiDchPE  in  depth  on' Ihs  whole  surface  oflhe^alis.    Id  kn^iami  Che  Istl  of  rain 


43 

So  science,  from  her  daily  converse  with  nature,  fails  not  sooner  or 
later  to  take  her  hue  and  colour  from  the  jjerception  of  this  uaiveraal 
love  and  bounty.  Party  and  sectarian  differenoes  dwindle  away  and 
disappear  from  the  eyes  of  him  who  is  daily  occupied  in  liie  contempla- 
tion of  the  boundless  munificence  of  (he  great  Impartial;  be  sees  him- 
self standing  in  one  common  relation  to  all  his  fellow-men,  and  feels 
himself  to  lie  most  completely  performing  his  part  in  life,  when  he  is 
able  in  any  way  or  in  any  measure  to  contribute  lo  the  general  welfare 
of  all; 

It  is  in  this  sense  too  that  science,  humbly  tracing  the  footstep?  of  the 
Deiiy  in  all  his  works,  and  fmm  ihera  deducing  his  intelligence  and  his 
universal  goodness — it  is  in  this  sense,  that  science  is  of  no  seel,  and  of 
no  party,  but  is  equally  the  province,  and  the  property,  and  the  friend  of  all. 

§  7.   Of  the  cold  produced  hy  the  evaporaUon  of  water,  and  its 

wfiuenct  on  vegetation. 

Beautiful,  however,  and  beneficent  as  are  the  provisions  by  which,  in 

nature,  watery  vapour  is  made  to  serve  so  many  useful  purposes,  there 

are  circumstances  in  which,  and  often  thraugh  the  neglect  of  man,  the 

presence  of  water  becomes  injurious  to  vegetation. 

The  ascent  of  water,  in  the  form  of  vapour,  permits  the  soil  to  dry, 
and  fits  it  for  the  labours  of  the  husbandman-,  while  its  descent  in  dew 
refreshes  the  plant,  exhausted  by  the  heal  and  eicilemeol  of  a  long 
summer's  day-  But  the  same  tendency  to  ascend  in  vapour,  gives  rise 
to  the  cold  unproductive  character  of  lands  in  which  water  is  present  in 
great  excess.  This  character  you  are  familiar  with  in  what  are  called 
cold  clay  soils. 

The  epithet  coW,  applied  to  such  soils,  though  derived  probably  from 
no  theoretical  views, 'yet  expresses^ very  truly  their  actual  condition. 
The  surface  of  the  fields  in  localities  where  such  lands  exisf,  is  in  reality 
less  warm,  throughout  the  year,  than  that  of  fields  of  a  ditFerent  quality, 
even  in  their  immediate  tjeighbourhood.  This  is  readily  proved,  by 
placing  the  bulb  of  a  thermometer  immediately  beneath  the  soil  in  two 
such  fields,  when  in  the  holiest  day  a  marked  difierence  of  temperature 
will,  in  general,  be  perceptible.  The  difierence  is  dependent  upon  the 
following  principle  : — 

When  an  open  pan  of  water  is  placed  upon  the  fire,  it  continues  to 
acquire  heat  till  it  reaches  the  temperature  of  213°  F.  It  then  begins  to 
boll,  but  Moses  Jo  become  hotter.  Steam,  however,  passes  off,  aiiii  the 
water  diminishes  in  quantity.  But  while  the  vessel  remains  upon  the 
fire  the  water  continues  to  receive  heal  from  the  burning  fuel  as  it  did 
before  it  began  lo  boil.  But  since,  as  already  stated,  it  becomes  no  hot- 
ter, the  heal  received  from  the  fire  must  be  carried  off  by  the  steam. 

Now  this  is  universally  true.  Wkeneeer  water  is  converted  into 
steam,  ike  ascending  vapour  carries  off  nvueh  heat  along  icith  it. 

This  heat  is  not  missed,  or  its  loss  perceived,  when  the  vapour  or 
steam  is  formed  over  a  fire ;  but  let  water  evaporate  in  the  open  ait 
from  a  stone,  a  leaf,  or  a  field,  and  it  must  take  heat  with  it  from  these 
objects — and  (he  surface  of  the  stone,  the  leaf,  or  (he  field,  must  become 
colder,  .Tha(  stone  or  leaf  also  most  hecociS  coldest  from  which  ibe 
largest  quantity  of  vapour  rises.  .  -  t 


Now,  let  two  adjoiniDg  fields  be  wet  or  moisl  in  difierent  degrees,  that 
which  is  wettest  will  almost  at  all  limes  give  off  ihe  largest  qaantity  of 
vapour,  and  will  therefore  be  the  coldest.  Let  spring  arrive,  and  ihe 
geoial  sun  will  gently  warm  the  earth  on  the  Burface  of  the  one,  while 
the  water  in  the  other  will  swallow  up  the  heating  rays,  and  cause  them 
to  re-ascend  in  the  watery  vapour.  Let  aumnier  come,  and  while  the 
soil  of  the  one  field  rises  at  raid -day  10  perhaps  100°  F.  or  upwards,  that 
of  the  other  may,  in  ordinary  seasons,  rarely  reach  80°  or  90° — in  wet 
seasons  may  not  even  attain  lo  this  temperature,  and  only  in  long 
droughts  will  derive  the  full  benefit  of  the  solar  rays.  I  shall  hereader 
more  particularly  advert  to  the  important  influence  which  a  high  tempe- 
ramre  in  the  soil  exercises  over  the  growih  of  plants,  the  functions  of 
their  several  parts,  and  their  power  of  ripening  seeds — as  well  as  to 
certain  beautiful  adaptations  by  which  nature,  when  left  to  herself,  is 
continuaUy  imparting  to  the  soli,  especially  in  northern  latitudes,  those 
qualities  which  fit  it  for  deriving  the  greatest  possible  benefit  from  the 
presence  of  the  sun's  rays.  In  tlie  mean  time  you  are  willing  lo  con- 
cede that  warmth  in  the  soil  is  favourable  to  the  success  of  your  agricul- 
tural pursuits.  Wlint,  then,  is  the  cause  of  ihe  coldness  and  poverty, 
the  Beklenesa  and  uncertainty  of  produce,  in  land  of  the  kind  now  al- 
luded to  7  It  is  the  presence  of  too  much  water.  What  is  the  remedy  ? 
A  removal  of  the  excess  of  water.     And  how  1  By  efiectual  drainage. 

There  ace  other  benefits  to  the  land,  which  follow  from  this  removal 
of  the  excess  of  water  by  draining,  of  which  it  would  here  be  out  of 
place  to  treat ;  but  a  knowledge  of  the  above  principle  shows  you  that 
the  first  efiecl  upon  the  soil  is  the  same  as  if  you  were  to  place  it  in  a 
warmer  climate,  and  under  a  milder  sky — wliere  il  could  bring  to  ma- 
turity other  fruits,  and  yield  more  certain  crops. 

The  application  of  this  merely  rudimentary  knowledge  will  eaablo 
you  to  remove  from  many  improvable  spots  the  stigma  of  being  yoor  and 
eold;  an  appellation  hitherto  ajiplied  to  them, — not  because  they  are  by 
nature  unproductive,  but  because  ignorance,  or  indolence,  or  indiilerence, 
has  hitherto  prevented  their  natural  capabilities  from  being  either  ap- 
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LECTURE  III. 

§  1.   CaTbonic  add,  its  properties  and  reladons  to  vegetable  life. 
Wheb  charcoal  is  burned  in  the  air  it  combines  slowly  with  osygen, 
and  is  transformed  into  carbonic  acid  gas.     In  oxygen  gae  it  burns  more 
rapidly  and  vividly,  producing  the  same  compound. 

This  gas  is  colourless,  like  oxygen,  hydrogen,  and  nitrogeo,  but  is 
readily  distinguished  from  all  these,  by  its  acid  taste  and  smell,  by  its  solu- 
bility m  water,  by  its  great  density,  and  by  its  reddening  vegetable  blues* 
Water  ai  60  F.  and  under  the  ordioary  pressure  of  ihe  atmosphere,  dis- 
solves rather  more  than  its  own  bulk  of  this  gas  (100  dissolve  106),  and, 
however  the  pressure  may  be  increased,  it  still  dissolves  the  same  bulk. 
All  gases  diminish  in  bulk  uniformly  as  the  pressure  to  which  they 
are  subjected  is  increased.  Thus  under  a  pressure  of  iwo  atmospheres 
they  are  reduced  to  one-half  their  hulk,  of  three  atmospheres  to  one- 
third,  and  so  on.  "When  water,  therefore,  is  saturated  wiih  carbonic 
acid  under  great  pressure,  os  in  the  manufacture  of  soda  water,  though 
it  still  dissolves  only  its  own  bulk,  yet  it  retains  a  weight  of  the  gas 
which  is  proportioned  to  the  pressure  applied.  For  the  same  reason 
also,  when  the  pressure  is  removed,  as  in  drawing  the  cork  from  a  bot- 
tle of  water  so  impregnated,  the  gas  expands  and  escapes,  causing  a 
lively  effervescence,  and  the  water  retains  only  its  own  bulk  at  the  en- 
isling pressure.  This  soluiioo  in  water  has  a.  slightly  sour  taste,  and 
reddens  vegetable  blues.  These  properties  it  owes  to  liie  j;resence  of 
the  gas,  which  is  therefore  what  chemists  csllsn  aeid  body,  and  hence  its 
name  of  carbonic  acid.  [Acids  have  generally  a  sour  taste,  redden 
vegetable  blues,  or  combine  with  bases,  such  as  lime,  soda,  potash,  &c., 
to  form  salts.] 

This  gas  is  one-half  heavier  than  atmospheric  air,  its  density  beiag 
1-524,  and  hence  it  may  he  poured  ihrough  the  air  from  one  vessel  to 
Hence  also,  when  it  is  evolved  from  crevices  in  the  earth,  in 
'n  the  soil,  ihjs  gas  diffuses  itself  through  the  atmos- 
into  (he  air,  much  more  slowly  than  ihe  elementary 
n  the  previous  lecture.  Where  it  issues  frojn  the  earth, 
as  in  many  volcanb  districts,  it  flows  along  the  surface 
s  into  and  fills  up  cracks  and  hollows,  and  sometimes 
reaches  to  a  considerable  distance  from  its  source,  before  it  is  lost  among 
ihe  still  air. 

Barniug  bodies  are  extinguished  in  carbonic  acid,  and  living  beings, 
plunged  into  it,  instantly  cease  10  breathe.  Mixed  with  one-ninth  of  its 
bulk  of  this  gaa  the  atmospheric  air  la  rendered  unfit  for  resph-aiion.  It 
is,  however,  the  principal  food  of  plants,  being  absorbed  by  their  leaves 
and  roots  in  large  quantity.  Hence  the  presence  of  carbonic  acid  in  the 
atmosphere  is  necessary  to  the  growth  of  plants,  and  they  have  beenob- 
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served  to  thrive  better  when  ilie  quantity  of  iliis  gas  in  the  air  is  c(u\- 
siderably  auginenlciJ.  Common  air,  as  has  been  already  staled,  does 
not  eoiiiain  more  on  an  average  iliaiijj'„jih  of  its  bulk  of  carbonic  acid, 
but  De  Saussure  fouod  that  plants  ire  the  sunshine  grew  better  when  il 
18  increased  to  y'llh  of  liie  buik  of  Qie  air,  bot  beyond  lliis  quantily 
"  were  injured  by  its  presence,  even  when  exposed  Co  (he  sun. 
n  the  carbonic  acid  amounte:!  to  one-half,  the  plants  died  in  seven 
days  ;  when  il  reached  two-lhirds  of  the  bulk  of  the  air,  ihey  ceased  to 
grow  altogether.  In  the  shade  any  increase  of  carbonic  acid  beyond 
thai  which  naturally  exists  in  ihe  atmosphere  of  our  globe,  was  found 
to  be  injurious. 

These  circumstances  il  is  of  importance  to  reniember.  Did  the  sun 
always  shine  on  every  pan  of  Ihe  earth's  surface,  the  quantily  of  cnrbc- 
iiic  acid  in  the  atmosphere  might  probably  have  been  increased  wiih  ad- 
vaniage  lo  vegetation.  But  every  such  increase  would  have  rendered 
(he  air  less  fit  for  the  respiration  of  existing  races  of  animals.  Tims 
we  see  that  not  only  the  nature  of  living  beings,  both  plants  and  ani- 
mals, but  also  ibe  periodical  absence  of  the  sun's  rays,  have  been  taken 
into  account  in  the  present  arrangement  of  ihings- 

In  perpetual  sunshine  plants  would  flourish  more  luxurianily  in  air 
eonlaioing  more  carbonic  acid,  but  they  would  droop  and  die  in  the 
sliade.  Thisis  one  of  Ihose  ^tooTaof  unity  of  design  which  occasion- 
ally force  themselves  upon  our  attention  in  every  tiepariraent  of  nature, 
and  compel  us  to  recognise  the  regulating  superintendence  of  one  mind. 
The  same  hand  which  mingled  the  ingrediecls  of  the  aimospfiere,  also 
set  the  sun  lo  rule  the  day  only, — lemperiog  the  amount  of  carbonic 
acid  10  the  time  of  his  periodical  presence,  as  well  as  to  the  nature  of 
animal  and  vegetable  life- 
Carbonic  acid  consists  of  oae  equivalent  of  carbon  and  two  of  oxygen, 
and  is  represented  by  COj.  It  unites  with  bases  (potash,  soda,  lime, 
&c.),  and  forms  compounds  known  by  the  name  of  carhimate.  Thus 
pearlask  is  on  impure  carbonates  of  polash, — the  common  soda  of  the 
sliops,  carbonate  of  soda, — and  limestone  or  chalk,  carbonates  of  lime. 
I'rom  these  compounds  it  may  be  readily  disengaged  by  pouring  upon 
them  diluted  muriatic  or  sulphnnc  acids.  From  limestone  il  is  also 
readily  expelled  by  heat,  as  in  the  common  lime-kilns.  Curing  this 
IS  the  limestone  loses  nearly  44  per  cent,  pf  its  weight,  [43*7  when 


and  dry,]  a  loss  which  represents  the  quantity  ofcarbonic 
veil  off".   [Hence  by  burning  limestone  on  the  spot  " '  -      ■   ' 
nearly  one-half  of  the  cost  of  transport  is  saved,] 


e  by  burning  limestone  on  the  spot  where  it  is  quarried. 


Common  carbonate  of  lime,  in  its  various  forms  of  chalk,  hard  lime 
stone,  or  marble,  is  nearly  insoltzble  in  water,  but  it  dissolves  readily  iik 
water  containing  carbonic  acid.  Thus,  if  a  current  of  this  gas  be  pass- 
ed through  lime-water,  the  ii(|uid  speedily  becomes  milky  from  the 
formation  and  precipitation  of  carbonate  of  lime,  but  after  a  short  time 
the  cloudiness  disappears,  and  the  whole  of  the  lime  is  re-dissolved- 
The  application  of  beat  to  this  clear  solution  expels  lUe  excess  of  car- 
bonic acid,  and  causes  the  carbonate  of  lime  again  to  fall. 

By  exposure  lo  ihe  air,  we  have  already  seen  that  water  always  ab- 
sorbs a  quantity  of  carbonic  acid  from  the  atmosphere.  As  it  after- 
■waxds  trickles  through  the  rocks  or  through  soil  containing  lime,  it  grud- 
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iially  dissolves  a  porlion  of  lids  earth,  equivalent  to  tbe  quantity  of  gas 
it  holds  in  solution,  and  tiius  reaches  the  surface  impregnated  with  cal- 
earoous  matter.  Or  it  carries  it  in  its  progress  below  the  surface  to  the 
roots  of  plants,  where  its  earlhy  contents  are  made  available,  either  di- 
rectly or  indirectly,  to  the  promotion  of  vegetable  growth.  To  the  lime 
thus  held  in  solution,  spring  atid  other  waters  generally  owe  their  hard- 
ness, and  it  is  the  expulsion  of  the  carbonic  acid,  by  heat,  that  causes 
the  deposition  of  the  sedimeot  so  often  observed  when  such  waters  are 
boiled. 

I  propose  hereafter  lo  devote  an  entire  lecture  to  the  consideration  of 
the  action  of  lime  upon  land,  as  it  is  employed  for  agricultural  pur- 
poses, but  I  may  here  remark,  that  this  solvent  action  of  the  carbonic 
acid  in  rain  water  is  one  of  the  principal  agents  in  removing  the  lime 
from  your  soils,  and  in  rendering  a  fresh  application  necessary  after  a 
certain  lapse  of  time.  It  is  the  cause  also  of  that  deposit  of  calcareous 
matter  at  the  mouths  of  drains  which  you  not  unfrequenlly  see  in  lo- 
calities where  lime  is  laid  abundantly  upon  the  land.  The  greater  the 
qi^anlity  of  rain,  therefore,  whieh  falls  in  a  district,  the  less  permanent 
will  be  the  effects  of  liming  the  land — the  sooner  will  it  be  robbed  of 
this  importaat  element  of  a  fertile  soil.  Still  carbonic  acid  is  only  one 
of  several  agents  which  act  almost  unceasingly  ia  thus  removing  the 
lime  from  the  land,  a  fact  I  shall  hereafter  have  occasion  more  fully  to 

In  nature,  carbonic  acid  is  produced  under  a  great  variety  of  circum- 
stances. It  is  given  off  from  the  lungs  of  all  animals  dunng  respira- 
tion. It  is  formed  during  the  progress  of  fermentation.  Fermented  li- 
ijuors  owe  their  sparkling  qualities  lo  the  presence  of 'this  gas.  Dur- 
ing the  decay  of  animal  and  vegetable  substances  in  the  air,  in  com- 
post  heaps,  or  in  the  soil,  it  is  evolved  in  great  abundance.  In  certain 
volcanic  countries  it  issues  in  large  quantity  from  springs  and  from 
cracks  and  fissures  in  the  surface  of  the  earth;  while  the  vast  amount 
of  carbon  contained  in  the  wood  and  coa!  daily  consumed  by  burning, 
is  carried  up  into  the  atmosphere,  chiefly  in  the  form  of  carbonic  acid. 
We  shall  hereaOer  consider  the  relaiion  which  exists  between  these 
several  sources  of  supply  and  the  proportion  of  carbonic  acid  per- 
manently present  in  the  air  and  so  necessary  to  the  support  of  vegetable 
life. 

§  a.  Oxalic  acid,  its  properties  and  reUdions  to  vegetable  life. 
Oxalic  acid  is  another  compound  of  carbon  and  oxygen,  which,  though 
not  known  to  minister  either  to  their  growtli  or  nourishment,  is  yet  found 
largely  in  the  interior  of  many  varieties  of  plants.  In  an  uncombined 
state  it  exists  in  the  hairs  of  tbe  chich  pea.  In  combination  with  poia^ 
it  is  found  In  the  wood  sorrel  (oxalis  acetosella),  in  the  common  sorrel, 
and  other  varieties  of  rumftc, — in  which  it  ia  the  cause  of  the  acidity  of 
the  leaves  and  stems, — in  the  roots  of  these  plants  also,  in  the  leaves  and 
roots  of  rhubarb,  and  in  the  roots  of  torrae^tilla,  bistort,  gentian,  saponaria, 
and  many  others.  It  is  this  combination  with  potash,  formerly  extracted 
from  wood  sorrey^hich  is  known  in  commerce  by  tho  name  oi  salt  of 
sorrel.     In  combination  with  lime  it  forms  the  principal  solid  p^ts  of 
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many  lichens,  especially  of  Ihepamteliis  and  variolaria,*  some  of  which 
comain  as  much  oxalate  of  lime  as  is  equivalent  to  15  or  20  parts  of  pure 
acid  Id  100  of  the  dried  plant. 

The  cryaiallized  oxalic  acid  of  the  shops  forms  transparent  colourless 
crystals,  of  an  intensely  sour  taste.  These  crystals  dissolve  readily  in 
twice  their  weight  of  cold  water,  and  the  solution,  when  sufficiently  di- 
lute, is  agreeably  acid  to  the  taste.  This  acid  is  exceedingly  poisonous- 
Half  aa  ounce  of  the  crystals  is  sufficient  to  destroy  life  in  a  very  short 
time,  and  a  quarter  of  an  ounce  after  the  lapse  of  a  few  days.  Il  con- 
sists solely  of  carbon  and  oxygen  in  the  proportion  of  two  equivalents 
ofiheformer  toihree  of  thelaiter.  Its  symbol  is  C3O3.  Il  combines 
with  bases,  and  forms  salts  which  are  known  by  the  name  of  ox(daUs, 
and  il  is  characterised  by  the  readiness  wilh  which  ii  combines  with  lime 
to  form  oxalate  of  lime.  If  a  solution  of  the  acid  be  poured  into  lime  wa- 
ter, the  mixture  immediately  becomes  milky  from  (he  formation  of  ibis 
compound,  which  is  insoluble  in  waler.f  It  is  (his  oxalaleoflime-vrhuAi 
exists  in  the  lichens,  while  oxcdate  of  potash  exists  in  the  sorrels. 

Oxalic  acid  is  one  of  those  compounds  of  organic  origin  which  we  can- 
not form,  as  we  can  form  carbonic  acid  by  the  direct  union  of  its  elements. 
In  all  our  processes  for  preparing  it  artificially,  we  are  obliged  to  have  re- 
course to  a  substance  previously  organized  in  ihe  living  plant.  Il  may 
be  prepared  from  sugar,  starch,  or  even  from  wood,  by  various  chemical 
processes.  The  usual  method  is  to  digest  potato  smrch  with  live  times  its 
weight  of  strong  nitric  acid  (aquafortis),  diluted  wilh  ten  of  walfer,  till  red 
fumes  cease  to  be  pven  otf,  and  ibea  10  evaporate  the  solulion.  The  ox- 
alic acid  separates  in  crysials,  or,  as  it  is  usually  expressed,  crystallizes  in 
the  solution  thus  concentrated  by  evaporation. 

It  is  not  known  to  exist  in  the  soil  or  in  the  waters  which  reach  the 
roots  of  plants.  Where  ills  found  in  living  vegetables,  therefore,  it  must, 
like  the  other  substances  they  contain,  have  been  formed  or  elaborated 
in  the  interior  of  the  plant  itself.  By  what  very  simple  changes  the 
production  of  ihia  acid  is  or  m.ay  be  eflecled,  we  shall  see  in  a  subse- 
quent lecture. 

§  3.   Carbonic  oxids,  its  constitution  and  properties. 

When  carbonic  acid  (COa)  is  made  to  pass  through  a  lube  contmning 

red-hot  charcoal,  it  undergoes  a  remarkable  cliange.     Its  gaseous  form 

remains  unaltered,   but  ii  combines  whh  a  second  equivalent  of  carbon 

(becoming  CgOa),  which  il  carries  off"  in  the  aeriform  slate.     The  new 

*  The  panada  cruda/ataidvarit^aria  communis  are  mentioned  as  peculiarly  rich  in  (his 
acid,  which  used  Id  be  exlracterl  from  them  Ibr  sale.    A  species  of  parmelia,  coUecled  afler 

This  lichen  is  used  far  fooif  by  Ihe  Kl^huls.  A  similar  liehen  is  collecled  abaul  Bagdad  Ibr 
B  similar  purpose. 

t  Buhslanesi  Ihat  are  Insoluble  are  EeneraUy  wiihoutsclidn  on  llieinlmal  eccnotoT,  and 
ma;  be  iDlrodasad  Into  Ibe  uotnach  wkbont  prDdm^oe  eoy  it|jui1ou»  eB^Bt.    Hence  lliis  oi- 
^bough  It  oootalDS  oiaJlc  acid,  ta  Pot  pnlsi 

ifflBlnnt  quantity.    ThHMid"cn 


oiDacb,  Its  polBODOTtfl  aDddn  mej  be  taken  awny  by  cajulnfflime  tntt^  01 
B  swallowed  In  suffli-'— "'-     ■"■_  _.ij  ._^... ..J"....,, —  ..  ._ 
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gas  thus  pioduceo  is  known  by  ihe 
of  oDe«qiiivalent  of  carbon  uniiecl  I 
by  CsOj,  or  simply  CO, 

This  gasis  coloufless,  wiihoul  tasie  or  smell,  lighter  than  ei 
nearly  iuSiluble  in  water,  extinguishes  flame,  does  not  support  life; 
burns  in  the  air  or  in  oxygen  gas  with  a  blue  fiame,  and  during  this 
combustion  is  converted  into  earbonie  acid.  It  is  produced  along  with 
carbonic  acid  during  the  imperfect  combustion  of  eoals  in  our  fires  and 
t'arnaces,  but  is  not  known  lo  occur  in  nature,  or  to  minister  directly  to 
tliQ  growth  of  i^latits. 


There  exists  a  general  relation  among  the  three  compounds  of  carbon 
and  oxygen  above  .described,  to  which  it  may  be  interesting  to  advert, 
in  connection  with  the  subject  of  vegetable  physiology.  This  relation 
apiieara  wheti  we  compare  together  their  eheniical  ci 
presented  by  their  chemical  formulie  : — 

Carbonic  acid  consists  of  one  of  carbon  atrd  v        .  . 

Carbonic  oxide,  of  one  of  carbon  and  one  of  oxygen,  ( 

So  that  if  carbiinic  acid  be  present  in  a  plant,  and  be  there  deprived 
of  one  equivalent  of  its  oxygen,  by  any  vital  action,  it  will  be  converted 
into  carbonic  oxide. 

Oxalic  acid  consists  of  two  of  carbon  and  three  of  o^tygen,  or  C2O3. 

If  we  add  together  the  formulte  for 

Carbonic  acid       ^  CO2  and 
Carbonic  oxide     =;  CO,  we  have 

Oxalic  acid    ^  C2O3. 

Hence  this  acid  may  be  formed  in  the  interior  of  plants,  either  by  the 
direct  union  of  carbonic  oxide  and  carbonic  acid,  or  by  depriving  two  of 
carbonic  acid  (SCO^  or  CgO,)  of  one  equivalent  of  oxygen. 

When  in  a  subsequent  lecture  we  have  studied  the  structure  and  func- 
tions of  the  ieaves  of  plants,  we  shall  see  how  very  easy  it  is  to  under- 
stand the  process  by  which  oxalic  acid  is  formed  and  deposited  in  the  in- 
terior of  plants,  and  by  which  carbonic  ojtide  also  inay  he,  and  probably 
is,  produced. 

§  i.  Light  carhwretted  hydrogen — (fttf  gas  of  marshes  and  of  coal  mines. 

During  the  decay  of  vegetable  matter  in  moist  places,  or  under  water, 
a  light  inflammable  gas  is  not  unfrequently  given  off;  which  differs  in  its 
properties  from  any  of  those  hitherto  described.  In  summer  it  may  often 
bo  seen  rising  up  in  bubbles  from  the  bottom  of  stagnant  pools  and 
from  marshy  places,  and  may  readily  be  collected. 

This  gas  IS  colourless,  without  tasie  or  smelt,  and  is  little  more  than 
half  the  weight  of  common  air,  [its  specific  gravity,  by  experiment,  is 
0'5573.]  A  lighted  taper,  plunged  into  it,  is  immediately  extinguished, 
while  the  gas  lakes  fire  and  burns  with  a  pale  yellow  flame,  yielding 
more  light,  however,  than  pure  hydrogen  gas,  which  it  otherwise  re- 
sembles.    Animals  introduced  into  it,  instantly  cease  to  breathe. 

It  consists  of  one  equivalent  ofcarbon  (C)  united  to  two  of  hydrogen 
(3H  or  Ha),  and  is  represented  by  CH^,    "When  burned  in  the  air  or 
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in  o^tygen  gas,  the  carbon  it  contains  is  converted  into  carbooic  acid 
(COa),  and  the  hydrogen  into  waier  (HO). 

Like  ostalie  acid  this  gas  cannot,  by  any  known  process,  be  produced 
from  the  direct  union  of  (he  carbon  and  hydrogen  of  which  it  consists. 
It  is  readily  obtained,  however,  by  beating  acelale  of  potash  in  a  retort, 
with  an  equivalent  proportion  of  caustic  baryta.  [Acetate  of  potash  is 
prepared  by  pouring  vinegar  (acetic  acid)  on  common  pearlash  and 
evaporating  (he  solution.] 

In  nature  it  is  largely  evolved  in  coal  mines,  ai:d  is  the  principal  com- 
bustible ingredient  in  those  explosive  atmospheres  which  so  frei]uenlly 
cause  disastrous  accidents  in  mining  districts. 

Thia  gas  is  also  given  off  along  with  carbonic  acid  during  the  farmen- 
tation  of  compost  heaps,  or  of  other  large  collections  of  vegetable  mat- 
ter. It  is  said  also  to  be  generally  present  in  well  manured  soils, 
[Pebsoz,  Ckimie  Mdecjtlaire,  p.  547,]  and  is  supposed  by  many  to  con- 
tribute in  such  cases  lothe  nourishment  of  plants.  It  is,  however,  very 
sparingly  soluble  in  water,  so  that  in  a  state  of  solution,  it  cannot  enter 
largely  into  the  pores  of  the  roots,  even  though  it  be  abundantly  present 
in  the  soil.  How  far  it  can  with  propriety  be  regarded  as  a  general 
eource  of  Ibod  to  plants,  will  be  considered  in  the  following  lecture. 

§  5.  Amiaonia,  its  properties  and  relations  to  vegetable  life. 

Ammonia  is  a  compound  of  hydrogen  and  nitrogen.  It  is  possessed 
of  many  interesting  properties,  and  is  supposed  to  perform  a  very  im- 
portant part  in  the  process  of  vegetation.  It  will  be  proper,  therefore, 
to  illustrate  its  nature  and  properties  with  considerable  attention. 

Ammonia,  like  the  nitrogen  and  hydrogen  of  which  it  is  composed,  is 
a  colourless  gas,  but,  unlike  its  elements,  is  easily  distinguished  from 
all  other  gaseous  substances  by  its  smell  and  taste. 

It  possesses  a  powerful  penetrating  odour  (familiar  to  you  in  the  smell 
of  hartshorji  and  of  common  smelling  salts),  has  a  burning  acrid  alka- 
line* taste,  extinguishes  a  lighted  taper  as  hydrogen  and  nitrogen  do,  but 
does  not  itself  take  fire  like  the  former.  It  instantly  sutfocates  animals, 
kills  living  vegelabies,  and  gradually  destroys  the  texture  of  their  parts. 

It  is  absorbed  in  large  quantities  by  porous  substances,  such  as  char- 
coal— which,  as  alreaily  staled,  absorbs  95  times  its  own  bulk  of  am- 
moniacal  gas.  Porous  vegetable  substances  in  a  decaying  state  likewise 
absorb  it.  Pomus  soils  also!  burned  bricks,  burned  clay,  and  even  com- 
mon clay  and  iron  ochre,  which  are  mixed  together  on  the  surface  of 
most  of  our  fertile  lands — all  these  are  capable  of  absorbing  or  drinking 
in,  and  retaining  within  iheir  pores,  this  gaseous  substance,  when  it  hap- 
pens to  be  brought  into  contact  with  them. 

But  the  quantity  absorbed  by  water  is  much  greater  and  more  sur- 
prising. If  the  mouth  of  a  bottle  tilled  with  tliis  gas  be  immersed  in 
water,  the  latter  will  rush  up  and  fill  the  bottle  almost  instantaneously; 
*nd  if  a  sufficient  supply  of  ammonia  be  present,  a  given  quantity  of 
tvater  will  lake  up  as  much  as  670  limes  its  bulk  of  the  gas. 

This  solution  of  ammonia  in  water  is  the  spirit  of  hartshorn  of  the 
<hops.     When  saturated  [that  is,  when  gas  is  supplied  till  the  water  re- 
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fuses  to  lake  up  any  more,]  il  is  lighter  than  puro  water,  [its  specific 
gravity  is  0' 875,  water  being  I,]  has  the  pungent  penetrating  odour  of  the 
gaa,  ani!  its  hot,  burning,  alkaline  taste— is  capable  of  blisiering  the 
skin,  and  decomposing  or  deattcying  the  texture  of  animal  and  vegeta- 
ble siibsiances. 

You  will  remark  here  ihe  effect  which  combination  has  in  investing 
sul>stance3  with  new  characters.  Tile  two  gases  hydrogen  and  nitrogen, 
themselves  without  taste  or  smell,  and  absorbed  by  water  in  minute 
quantity  only,  form  by  their  union  a  compound  body  remarkable  both 
for  taste  and  smell,  and  for  the  rapidity  with  which  water  absorbs  it. 

Ammonia  possesses  also  alkaline  properties,*  il  restores  the  blue 
colour  of  vegetable  substances  that  have  been  reddened  by  an  add,  and 
it  combines  with  acid-substanpes  to  form  salts. 

Among  gaseous  substances,  therefore,  there  are  some  which,  like  car- 
bonic acid,  have  a  sour  taste  and  redden  vegetable  blues  ;  others  which, 
like  ammonia,  have  an  alkaline  taste  and  restore  the  blue  colour;  an.. 
a  liiird  class  which,  like  oxygen,  hydrogen,  and  nitrogen,  are  deslitote  of 
luste  and  do  not  affect  vegetable  colours.  These  last  are  called  neu- 
ttal  or  indifferent  substances. 

Amioooia,  as  above  stated,  combines  with  acids  and  Ibrms  salts, 
which  at  the  ordinary  temperature  of  the  atmosphere  are  all  solid  sub- 
Btaaees.  Hence  if  carbonic  acid  gas  be  mixed  wilh  ammoniacal  gas, 
a.white  cloud  is  formed  consisting  of  minute  particles  of  solid  carbonate 
of  ammoma-r-ihe  smelling  salts  of  the  shops.  Hence  also  a  feather 
dipped  into  vinegar  or  dilute  muriatic  acid  (spirit  of  salt),  and  then  in- 
troduced into  ammoniacal  gas,  forms  a  similar  white  cloud,  and  be- 
comescovered  witha  white  down  ofsolid  acefaffior  of  munafe  of  ammouia 
(sal  ammoniac).  The  same  appearance  is  readily  seen  by  holding  the 
feather  to  the  mouth  of  a  bottle  containing  hartshorn  (li*|uid  ammonia), 
ftom  which  ammoniacal  gas  continually  escapes,  and  by  its  lightness  rises 
into  the  air,  and  thus  comes  in  contact  with  the  acid  upon  the  feathers. 

The  fact  of  the  praduction  of  a  solid  body  by  the  union  of  two  gases 
(ammnnia  and  carbonic  or  muriatic  acid  gases)  is  one  of  a  very  inter- 
esting nature  to  the  young  chemist,  and  presents  a  further  illustfaiion 
of  the  changes  resulting  from  diemica!  combination  as  explained  in 
the  previous  lecture. 

Ammonia  is  little  more  than  half  the  weight  of  common  air,  [more 
nearly  three-6flhs,  its  specific  gravity  being  0-59,  that  of  air  heing  1,1 
lience  when  liberated  on  the  earth's  surface  it  readily  rises  mto  and 
mingles  with  the  atmosphere.  It  consists  of  hydrogeo  and  nitrogen 
united  together  in  the  proportion  of  three  equivalents  of  hydrogen  (3H 
or  Hj)  and  one  of  nitrogen  (N),  [see  Lecture  II,]  and  heniie.  it  is  re- 
presented by  the  symbol  (N  -1-  3H),  or  more  shortly  by  NH3.  108 
pails  by  weight  contain  Saj  of  nitrogen  and  17i  of  hydrogen,  [cotreet- 
iy  8a'546  and  17-465  respectively.] 

In  nature,   ammonia  exists  in  considerable  quantity      It  is  widely, 

■  In  the  prEvious  lecture,  the  term  mrfrf  was  eiplainpd  aa  Kppljins  to  siibslancea  possess- 
ed of  a  sour  taale,  and  oapaWBof  red ileqing  teeelnWe  blues  or  coinbinlOK  wilh  Jo™t(pol. 
ash,  Bods,  mairnesle,  Aii.ltn  (bnn  soIU;  aUcaUta  are  sochss  possess  an  sibatine  taste  (set 

odiiE  lo  (acmtalM.    Oraalts,  nllnte  of  lodi,  BBJtocIictnitralcDrpolssli),  and  glviber  satB 


ATUaB,  AND  SPECIAl  PROPEBTIKH. 

almost  universally,  diffused,  but  is  uot  known  to  form  large  deposits  on 
any  part  of  ihe  earth's  surface,  or  to  enter  as  a  constiloent  into  any 
of  the  great  mineral  masses  of  which  the  crust  of  the  globe  is  com- 
posed. It  exists  most  abundantly  in  a  state  of  combination — in  llie 
forms,  for  enample,  of  muriate  (sal  ammoniac),  of  nitrate,  an  J  of  carbon- 
ate of  ammonia.  It  frequently  escapes  into  the  aimospliere  in  an  nn- 
combined  stale,  especially  where  animal  matters  are  undergoing  decay, 
but  it  rarely  exists  in  this  free  state  for  an^  length  of  lime.  It  speedily 
unites  with  the  carbonic  acid  of  the  air,  with  one  or  other  of  the  nmner- 
ous  acid  vapours  which  are  continually  rising  from  the  earlh,  or  with 
the  nitric  acid  which  is  formed  at  the  expense  of  the  nitrogen  and  oxy- 
gen of  which  the  atmosphere  consists- 

The  influence  of  ammonia  on  vegetation  appears  to  be  of  a  very 
powerful  kind.  It  seems  not  only  to  promote  the  rapidity  and  luxu- 
riance of  vegetation,  but  to  exercise  a  powerful  control  over  the  func- 
tions rf  vegetable  life.  Ii:  reference  lo  the  nature  and  extent  of  ihia 
action,  into  which  we  shall  hereafter  liave  occasion  to  inquire,  there 
are  several  special  properties  of  ammonia  which  it  will  be  of  imptw- 
tance  for  us  previously  to  uodersiand. 

1°.  It  has  a  powerful  affinity*  fi>r  acid  substances.  Hence  the 
readiness  with  which  it  unites  with  add  vapours  when  i(  rises  into  the 
atmosphere.  Hence  also  when  formed  or  liberated  in  the  soil,  in  the 
fold-yard,  in  the  stable,  or  in  compost  heaps,  it  unites  with  such  acid 
substances  as  may  be  present  in  die  soil,  &c.  and  Ibrhis  saline  coin- 
pounds  or  salts.  All  these  salts  appear  to  be  more  or  less  influential  in 
the  processes  of  vegetable  life. 

2°.  Yet  this  affinity  is' much  less  strong  than  thai  which  is  eshibiied 
for  the  same  acids  by  potash,  soda,  lime,  or  magne^a.  Hence  if  any 
of  these  substances  he  mixed  or  brought  into  contact  with  &  salt  of  am- 
monia, tlie  acid  of  the  latter  is  lalteo  up  by  the  potash  or  Hnie,  while 
the  ammonia  is  separated  in  a  gaseous  slate.  Thus  when  sal  ammo- 
niac in  powdef  is  mixed  with  twice  its  weight  of  quick-lime,  aminoni- 
acal  gas  is  liberated  in  large  quantity.  This  is  the  method  by  which 
])u re  ammonia  is  generally  prepared;  and  one  of  the  many  functions 
performed  by  lime  when  employed  for  the  improvement  of  land,  espe- 
cially on  soils  rich  in  animal  and  vegetable  matter,  is  ihat  of  decompo- 
sing the  salts,  especially  the  organic  salts,  of  ammonia, — as  will  be 
more  fully  explained  when  we  come  to  treat  at  length  of  this  important 
part  of  agricultural  practice.f 

3°.  The  salts  which  ammonia  forms  with  the  acids  are  all,  like  am- 
monia itself,  very  soluble  in  water.  Heuce  two  consequences  follow. 
First,  lhat  which'  rises  into  the  air  in  the  form  of  gas,  and  there  com- 
bines with  the  carbonic  or  other  acids,  is  readily  dissolved,  washed  out 

an  qflnJ/y  for  wioh  other. 

t  BsBLeclnre  XVI.  "OnOit  toe  if  lime."  Owing  to  Ms  prDperly  Ibe  action  of  lime  upon 
compost  heaps  Is  ofEen  tDJnrJous.  by  causlflg  th^  ovolacloaoitlioaijamouia  produced  durlnf 
■he  decomposition  or  the  animel  malters  they  conlaln.  Thin  escape  of  ammonfa,  even 
when  tmpercepllble  by  the  sense  of  9Enoll,tB  easily  detected  by  lioldiiig  over  the  heap  a  foa. 

ly  perceWediramiuoniabepresei^  '  ,-  i 


and  brought  lo  the  earlh  again  by  the  rains  and  dews;  so  that  at  the 
eauie  time  ihe  air  is  purified  for  the  use  of  animals,  and  the  ammo- 
nia brought  down  for  the  use  of  plants.  And  second,  whatever  sails  of 
ammonia  are  contained  in  the  soil,  being  dissolved  by  the  rain,  are  in 
a  condition  lo  be  talien  up,  when  wholesome,  by  the  roots  of  plants;  <x 
lo  be  carried  off  by  the  drains  when  injurious  to  vegetation. 

i°,  I  have  already  alluded  to  the  fact  of  Ihia  gas  being  absorbed  by 
porous  substances,  and  (o  its  presence,  in  consequence,  in  porous  soils, 
and  in  burned  bricks  and  clay.  With  the  purer  kinds  of  unburned 
clay,  however,  and  with  the  onide  of  iron  contained  in  red  (or  ferrugi- 
nous)* soils,  ammonia  is  supposed  lo  Ibrm  a  chemical  compound  of  a 
weak  nature.  Jn  consequence  of  its  affinity  or  feeble  tendency  to  com- 
bine with  these  substances,  they  attract  it  from  the  air,  and  from  decay- 
ing animal  or  vegeiahie  matters,  and  retain  it  more  strongly  than  many 
porous  substances  can, — yet  with  a  sufficiently  feeble  hold  to  yield  it 
up,  readily  as  ia  supposed,  to  the  roots  of  plants,  when  their  extremities 
are  pushed  forth  in  search  of  food.  In  this  case  the  carbonic,  acetic, 
and  other  acids  given  oiF,  or  supposed  to  be  given  off  by  the  roots,  exer- 
cise an  influence  lo  which  more  particular  allusion  will  be  made  hare- 

6°.  Tn  the  state  of  carbonate  it  decomposes  gypsum,  forming  carbon- 
ate of  lime  (chalk)  and  sulphate  of  ammonia. t  The  action  of  gypsum 
on  grass  lands,  so  undoubtedly  bene&cial  in  many  parts  of  the  world, 
has  been  ascribed  to  this  single  property ;  it  being  supposed  that  the 
sulphate  of  ammonia  formed,  ia  [leculiarly  favourable  to  vegetation. 
This  question  will  come  properly  under  review  hereafter.  I  may  here, 
however,  remark  that  if  this  be  the  sole  reason  for  the  efBciency  of  gyp- 
sum, its  application  ought  to  be  beneficial  on  all  lands  not  already 
altounding  either  in  gypsum  or  in  sulphate  of  ammonia.t     But  if  the 

•  Soila  reddened  by  the  presenca  of  oxide  of  iron. 

t  Gypsnm  Is  raipiiUe  of  lime— con^sllng  of  sulphuriu  add  (oil  of  liu^iol)  snd  qnicWiine. 

•Fere,pr^/irringltieDiiuiionln,  the  rsrbonic  acid  tlie  liin«. 

t  Liebig  say»— "UiB  slrlUng  lertiUI;  of  a  mcailow  on  which  gypaum  is  slrewed  depend* 
mill  oa  ila  filing  In  the  loU  the  Bminonia  nriliealmosphere.  which  would  otherwise  be  vola- 
liiized  wilh  the  wafer  which  ewporaleB."— Orcanjo  Ghemislrii  anpftdi  lo  Agricullure,  p.  86. 
t^fJiiilnHa  rannt  the  tomilnji  DfnilpJbi'f  with  Ihe  auiinonia.  Rain  water  ts  Bupgioaed  to 
bTtog  down  with  It  corimofa  ^ammonia  (common  enieUIng  sails),  which  acis  upon  Ihe  aul- 
f^al»qflime(itjpmm>  In  lueli  a  war  thai  ai^/uale  o/'oiTUnsnfa.and  earbmuua^UviteiB 
pnxluced.  The  carboiiale  ofammonbirBsdilr  valallliaeaor  riaeaai^o  Into  Ihe  air,  Iha  bu|. 
phatadoes  not—hence  Ihe  use  of  Ihe  won)^.] 

When  we  come  lo  eonaldar  the  subjecl  of  mioeraS  manHraa  in  jeneral,  wo  shall  study 

SbpiK^ine  the  eypHUm  lo  neel  wilh  a  suQicient  supply  ofnmiooniain  rhesoil,  and  that  It 
flxereJseslla  fullkiflueuce,  lOOIbs.  of  comnioTi  fm^umnf gypsum  will  Qiot  form  sulphato 
wilh  npariy  201b8.  of  ammonia  conlalning  l&J  lbs.  of  nilrugf  n.  One  hundred  weight,  there, 
fore,  (liaihs.)  will  form  sa  mnch  aulphale  as  wUl  contain  Sj lbs,  of  ammouja,  and  if  inUD. 
Duced  wi^houllosg  Into  Ihe  Inlerior  oi'pianis  will  farnlsh  thfm  with  ISJ  lbs.  of  nitmjen. 

to.  In  the  Srel  volume  of  Brilieh  Husbandry,  pp.  833,  3S3,  Ihe  foilowlnB  eiperiraent  |s 

['  A  ton  of  pure  gypsum,  when  ottished,  win  yield  25  bushels.  It  should,  htj^e?er,  ii)r 
wava  be  applied  by  tw^A'.] 

3-  ,,....,(.;(H)3lc 


resuUs  of  experimental  farming  in  this  counity  are  to  be  trusted,  this  le 
by  no  means  the  ease.  The  action  neither  of  this,  nor  probalily  of  any 
other  inorganic  substance  applied  to  ihe  soil,  is  to  he  explained  by  a 
reference  in  euery  case  lo  one  and  the  some  projwrty  only, 

7°.  The  presence  or  evolution  of  ammonia  in  a  soil  containing  animal 
and  vegetable  inaller  in  a  decaying  state,  induces  or  disposes  this  mat- 
ter to  attract  oxygen  from  (he  air  more  rapidly  and  abundantly.  The 
result  of  this  is,  that  organic  acid  compounds  are  formed,  which  combine 

appMBd.    The  Brsl  crop  was  cut  foe  hay,  and  the  second  rrpene a  for  seed.    The  followlnB 
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ee  crops uroo  ihe  gjosunjed  land  la  yery  large:  let  us 


rtpe'oed,  aDd  Jtveraging  1  Mr  cent,  in  [ha  straw  of  wheal,  BBls.Mid  barley,  Ihe  weight  of  nl. 
trogen  reaped  in  the  whole  crop  wilL  Ihen  be  ai  Mlowa : 

■    i.  40  cwl.  of  h»y  (4fe)  Ihs.)  al  IJ  per  eent  of  nllrogen.  conlaln  67  lbs. 
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ToIalnllfogeninUieeKceaaofcropiMlIM, 
But,  as  above  shewn,  Oie  five  hu^ela  or  four  cwt  of  irp^mn  could  flionly  QOlbs.  ofani, 
monla  conlaUiin*  74  Iha.  of  nitrogen,  kcai«S:  I'lerefBre,  18  Iba.  sr  anejiflh  of  the  telwlt,  !o  *e 
Oeritedfrom  tome  after  totiTa. 

Nnw  this'reiull  sapnoses  tl|Bt  none  of  Ihs  gypEum  or  su  I  phale  of  am  mania  was  carried 
away  by  the  ralni,  bullhalihe  whole  remaned  in  (Jia  soil,  and  produced  ila  ireateal  possible 
effect  on  the  dovar — and  oJ?  in  rms  aeaeon^ 

But  the  eOSctof  Iha  gypsani  does  not  disappear  with  the  crop  lo  which  il  is  aclually  ap- 
plied, tta  beneflelal  action  Is  aslsnded  to  Ihe  succeeding  crop  of  whtat,  and  on  grass  lands 
Ihe  amelioratlan  Is  vlrible  An  a  aucuasloa  nf  jeara.  If,  then,  ihe  Increased  produce  of  a 
Biugla  year  may  catualn  mora  nllrojien  than  the  gypanm  can  be  supposed  to  yield,  this  eub- 

aolron  on  (hs  Indefinite  Quantity  of  amnionla  In  Ihe  alDioaphere, 

oU!»bifoIn,onecbjey  sotL  The  Increased  produce  of  Iha  first  (filing  was  a  [on  per 
acre,  and  in  Ootnbbr  ftiUy  a  Ion,  Ihe  undressed  pn[t  yielding  scarcely  any  hay  atall.  wfiile 
Iha  drsBsed  itart  tpxe  li  Ions,  The  second  year  no  gypsunj  was  applied,  and  Ihe  difference 
is  said  IB  have  been  at  least  as  great, 

tained  to  faavB  been  only  one  per  cent.— Ihe  4  tDns'<S960  iha.)  would' conlaln  aboLil9aih9.  of 

fore,  Bupposlnglilo have  produced  ils  mailmDm  effect, 'Aers  >«nBin 44  lis,  or  nearly  sng 
Atdfof  tOA WMS, vmaEBOvmiaifor  fiy Ifte fheoiY- 

I  would  not  be  understood  to  place  absolute  reliance  on  Ihe  results  of  Ihe  above  eiperi- 
menls;  bullbe'nay  Id  which  such  resulls  may  be  easily  applied  for  the  purpose  of  teslinii 


potash  act — in  other  words,  Ihe  Iheoir  of  their  acdon  upon  v  egcrallon — may  "be  lesred  by  a 
^mllar  simple  calculation,  and  the  tuiparlsnce  of  nrecise  cnperlLnenta  made  on  [he  farm 

enmparaiive  tifels  and  publish  nccaraM  result s,  Hal  1  hate  iniioduced  Into  ilieAppendii 
(No.  I.}an  ouillne  of  Ihe  mode  in  which  si>che;ipei1inenti  may  most  userully  be  performed. 
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La,  and  form  amnioniacal  salts.*  On  tiie  deoomposi- 
tioQ  of  tliese  sails  by  lime  or  otherwUe — the  organic  acids  which,  are  se- 
paraled  frajii  them,  ara  always  more  advanced  towards  that  slate  ia 
which  they  again  become  lit  to  act  as  food  for  plams. 

8°.  But  the  most  inieresiing,  and  perhaps  the  most  imporlant  proper- 
ty of  ammonia,  is  one  which!  have  already  had  occasion  to  bring  under 
your  notice,  as  possessed  by  water  also,  and  as  peculiarly  Siting  tliat 
fluid  Ibr  the  varied  functions  it  performs  in  reference  to  vegetable  life. 
This  properly  is  ihe  ease  with  which  it  undergoes  decomposition,  either 
in  tlie  air,  in  die  soil,  or  in  the  interior  of  plants. 

In  the  air  it  is  diiTused  through,  and  intimately  mixed  with,  a  large 
excess  of  oxygen  gas.  In  the  soil,  especially  near  the  surface,  it  is  also 
eoniinnally  in  coiiiact  with  oxygen.  By  the  influence  of  electricity  in 
the  air,  and  of  lime  and  other  bases  in  the  soil,  it  undergoes  a  constant 
though  gradual  decomposition  (oxidation),  its  hydrogen  being  chiefly 
converted  into  water,  and  a  porlion  of  its  nitrogen  into  nitric  acid.} 

In  the  interior  of  plants  this  and  other  numerous  and  varied  decom- 
positions in  all  probability  take  place. 

The  important  influence  which  ammonia  appears  to  exercise  over  the 
gfowili  of  plants — the  evidence  for  which  I  shall  presently  lay  before 
you — is  only  to  be  explained  on  the  supposition  that  numerous  iransfor- 
nistions  of  organic  substances  are  effected  in  the  interior  of  living  vege- 
ii  transformations  all  imply  the  separation  from  each  olher, 
tofihe  elements  of  which  ammonia  consists.  In 
e  have  seen  that  water,  ever  present  in  great 


arrangement 
ir  of  the  pian 


idy  to  yield  its  hydrogen  or  its  oxygen  a: 


easion  may  require,  while  iliese  same  elemeuls  are  never  unwilling  to 
unite  again  for  (he  formalion  of  water.  So  it  ia,  to  a  certain  degree, 
with  ammonia.  The  hydrogen  it  contains  in  so  large  a  quantity  is  ready 
to  separate  itself  from  the  nitrogen  in  the  inieriorof  the  plant,  and,  in  con- 
cert with  the  other  organic  elements  introduced  by  the  roots  or  *he  leaves, 
to  aid  in  prudncing  the  different  solid  bodies  of  which  the  several  parts 
of  plants  are  made  up.  The  nitrogen  also  becomes  fined  in  the  coloured 
petals  of  the  flowers,  in  the  seeds,  and  in  other  parts,  of  which  it  appears 
to  constitute  a  necessary  ingredient — passes  off"  in  the  form  of  new  com- 
pounds, in  the  insensible  perspiration  or  odoriferous  exhalations  of  the 
platit.~or  returning  with  the  downward  circulation,  is  thrown  off"by  iha 
root  into  the  soil  ftx>(u  which  it  was  originaliy  derived.  Much  obscurity 
still  rests  on  the  actual  transformations  wlibh  take  place  in  the  bterior 
of  plants,  yet  we  shall  be  able  in  a  future  lecture,  I  hope,  to  arrive  at  a 
tolerably  clear  understanding  of  the  general  nature  of  many  of  them. 

Such  are  the  more  important  of  those  properties  of  ammonia,  to  which 
we  shall  hereafter  have  occasion  to  advert.  The  sources,  remote  as 
well  as  immediate,  from  which  plants  derive  this,  and  other  compounds 
we  have  described  as  contributing  to  the  nourishment  and  growth  of 
plants,  will  be  detailed  in  asubseqiient  soclion. 

■  Organic  acidi gBasraUj  conlnln  more  oijgeo  iq  propMlioii  lo  Ibeir  carbon  and  liydro 
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§  6.  Mtric  add,  its  camtitution  and  properties. 

When  the  nitre  nr  saltpetre  of  commerce  is  introduced  into  a  rotoit, 
covered  witlistrongsulptiuricacid  (oil  of  vitriol*)  and  heated  over  a  lamp 
or  a  charcoal  fire,  red  fumes  are  given  off,  and  a  transpaient,  often 
broWTiish  or  reddish  liquid,  distjls  over,  which  may  be  collected  in  a  bot- 
tle or  other  receiver  of  glass.  This  Uquid  ia  exceedingly  acid  and  cor- 
rosive, la  small  quantity  it  stains  the  skin  and  imparts  a  yellow  colour 
lo  animal  and  vegetable  substances.  In  larger  quantity  it  corrodes  ihe 
skin,  producing  a  painful  sore,  rapidly  destroys  animal  and  vegetable 
life,  and  speedily  decomposes  and  oxidizesf  all  organic  substances. 
Being  obtained  from  nitre,  this  liquid  ia  called  nitric  acid.  Itcon^sls  of 
nitrogen  combined  with  oxygen,  one  equivalent  of  tbe  former  (N.)  being 
united  to  5  of  the  latter  (O5),  and  is  refiresented  by  NO5. 

This  acid  contains  much  oxygen,  as  its  formula  indicates,  and  its  ac- 
tion on  nearly  all  organic  substances  depends  upon  (he  ease,  with  which 
it  is  decomposed,  and  may  be  made  to  part  with  a  portion  of  this  oxygen. 

In  natvire,  it  never  occurs  in  a  free  slate ;  but  it  is  found  in  many  in- 
lertropioal  (hot)  countries  in  corabiootion  with  potash,  soda,  and  lime — in 
the  state  o(  nitrates.  It  isanimportantcharaeteroflliese  nitrates  that,  like 
the  salts  of  ammonia,  they  are  all  very  soluble  in  water.  Those  of  so- 
da, lime,  and  ni^gnesia  attract  moisture  from  the  air,  and  in  a  damp  at- 
mosphere gradually  aESSume  the  liquid  form. 

Saltpetre  is  a  compound  of  nitric  acid  with  potash  (nitrate  of  potash). 
It  is  met  with  in  the  surface  soil  of  many  districts  in  Upper  India,  and 
is  separated  by  washing  the  soil  and  subsequently  evaporating  (or  boil- 
ing down)  the  clear  liquid  thus  obtained.  When  pure,  it  does  not  be- 
come moist  on  exposure  to  the  air.  It  is  chiefly  used  in  the  manufac- 
ture of  gunpowder,  but  has  also  been  recommended  and  frequently  and 
suocessfuUy  tried  by  the  practical  husbandman,  as  an  influential  agent 
in  promoting  vegetation. 

In  combination  with  soda,  it  is  found  in  deposits  of  considerable  thick- 
ness in  the  district  of  Arica  in  Northern  Peru,  from  whence  it  is  im- 
ported into  this  country,  chiefly  for  the  manufacture  of  nitric  and'sulphu- 
ric  acids.  More  recently  its  lower  price  has  caused  it  lo  be  extensively 
employed  in  husbandry,  especially  as  a  top-dressing  for  grass  lands. 
Like  the  acid  itself,  these  nitrates  of  potash  and  soda,  when  present  in 
large  quantities,  are  injurious  lo  vegetation.  This  is  probably  one  cause 
of  the  barrenness  of  the  district  of  Arica  in  Peru,  and  of  other  countries, 
where  in  consequence  of  the  little  rain  that  falls,  the  nitrous  incrusia- 
dons  are  accumulated  upon  the  soil.  In  small  qtianlitj'  they  appear  to 
ejtercise  an  important  and  salutary  influence  on  the  rapidity  of  growth, 
and  on  the  amount  of  produce  of  many  of  the  cultivated  grasses.  This 
salutary  influence  is  to  be  ascribed,  eiflier  in  whole  or  in  part,  to  the 
■'     ■'  'nature  of  the  nitric  acid  which  these  salts  contain.     It 
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is  chiefly  with  a  view  to  the  explanation  I  shall  hereafter  attempt  to 
give  of  the  nature  of  this  salutary  action,  that  I  have  tliought  it  neces- 
sary heie  to  make  yon  acquainted  with  tliis  add  compound  of  nitrogen 
and  oxygen,  in  connection  with  the  alkaline  compound  (ammonia)  of  the 
same  gas  with  hydrogen. 

Having  thus  shortly  described  both  (he  organic  elements  themselves, 
and  such  chemical  compounds  of  these  elements  as  appear  to  be  most 
ooTieerned  in  promoting  the  growth  of  plants,  we  are  prepared  for  enter- 
ing upon  the  consideration  of  several  very  important  questions.  'I'hese 
questions  are — 

1°.  Froi^  what  source  do  plants  derive  the  organic  elements  of  which, 
they  are  composed  1 

2°.  In  what  form  do  plants  take  them  np — or  what  proof  have  we 
that  the  compounds  above  described  really  enter  into  plants? 

3°.  By  what  organs  is  the  food  intmdnced  into  the  cu-culation  of 
plants?  In  cotisequence  of  what  peculiar  structure  of  these  several 
parts  are  plants  enabled  to  lake  up  thecompounds  by  which  they  appear 
to  be  fed  ;  and  what  are  the  functions  of  these  parts,  by  the  exercise  of 
which  the  Ibod  is  converted  and  appropriated  to  their  own  sustenance 
and  further  growth? 

i°.  By  what  chemical  changes  is  the  food  assimilated  h^  plants,  that 
is — after  being  introduced  into  the  circulation,  through  wnat  series  of 
chemical  change^  does  it  pass,  before  it  is  converted  by  the  plant  into 
portions  of  its  own  substance  7 

5°.  By  what  natural  laws  or  adaptations  is  the  supply  of  those  com- 
pounds, which  are  the  food  of  plants,  kept  up  1  Animals  are  supported 
by  an  unfailing  succession  of  vegetable  crops, — by  the  operation  of  what 
invariable  laws  is  food  continually  provided  for  plants  1 

These  questions  we  shall  consider  ' 
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LECTURE  IV. 

Lnio  Ihacitculalion  of  planla— Source  at  Ihe  hjdroBelj— Source  of  Ihe  Oljgcn— Source  of 
amnionU  uid  nitiio  acid  by  ptanu. 

The  first  of  the  series  of  questions  stated  at  the  close  of  the  preceding 
lecture,  regards  ihe  source  from  ■which  plants  derive  ihe  organic  ele- 
ments of  which  they  are  composed.  Tliey  are  supported,  it  is  obvious, 
al  ihe  conjuined  expense  of  the  earlh  and  ihe  air — -how  much  do  ihey 
owe  to  each,  and  for  which  elements  are  they  chiefly  and  immediately 
indebted  to  the  soil,  and  for  which  to  the  atmosphere  t  "We  must  first 
consider  the  source  of  each  element  separately. 

§1.  Source  of  the  carbon  of  plants. 

We  have  already  seeo  reasou  to  believe  that  catbon  is  incapable  of 
entering  directly,  in  its  solid  siaie,  into  the  circulation  of  plants.     It  ia 

feneraUy  considered,  indeed,  that  solid  substances  of  every  kind  are  un- 
t  for  being  taken  up  by  ihe  organs  of  plants,  and  that  only  such  as  are 
in  the  liquid  or  gaseous  state,  can  be  absorbed  by  the  minute  vessels  of 
■which  the  cellular  substances  of  the  roots  and  leaves  of  planls  are  com- 
posed. Carbon,  therefore,  must  enter  either  in  the  gaseous  or  liquid 
form,  hut  from  what  source  must  it  be  derived  J  There  are  hut  two 
sources  from  which  it  can  be  obtained, — the  soil  in  which  the  plant 
grows — and  the  air  by  which  its  stems  and  leaves  are  surrounded. 

In  the  soil  much  vegetable  matter  is  often  present,  and  the  farmer 
adds  vegetable  manure  in  large  quaniities  with  the  view  of  providing 
food  fur  his  intended  crop.  Are  piania  really  fed  by  ihe  vegetable  mai- 
ler which  exists  in  the  soil,  or  by  the  vegei able  manure  that  is  added  lo 

This  question  has  an  important  practical  bearing.  Let  us,  therefore, 
submit  il  (o  a  thorough  examination. 

1°.  We  know,   from  sacred  history,  what  reason  and  science  concur 
in  eimfirmine,  that  there  was  a  time  when  no  vegetable  malle    ex'sted 
iu  ihe  soil  which  overspread  the  earth's  surface.     The  firs   j  la    s  n 
have  grown  ■without  ihe  aid  of  either  animal  or  vegetable  mat  er —  ha 
is,  they  must  have  been  nourished  from  the  air. 

2°.  It  ia  known  that  certain  marly  soils,  raised  from  a  gr  ^  dep  1 
beneath  the  surface,  and  containing  npparenOy  no  vegetable  n  a  e 
will  yet,  without  manure,  yield  luxuriant  crops.  The  caibon  n  s  I 
cases  must  also  have  been  derived  liom  the  air. 

3°.  Yon  know  that  some  plants  grow  and  increase  in  size  when  sus- 
pended in  the  air,  and  without  being  in  contact  with  ihe  soil. 

You  know,  also  that  many  planls — bulbous  flower  roots  for  example 
— will  grow  and  flourish  in  piire  water  only,  provided  they  are  open  to 
(he  access  of  the  atmospheric  air.  Seeds  also  will  germinate,  and, 
when  duly  watered,  will  rise  into  plants,  though  sown  in  substances 
tliat  contain  no  irace  of  vegetable  n  Mier. 
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Thus  Do  Saussuro  found  ihat  two  beans,  when  caused  to  vegetate  in 
the  open  air  on  pounded  flints,  doubled  the  weight  of  the  catboo  they 
originally  contained. 

Under  amilar  cireu instances  Boussingault  found  the  seeds  of  trefoil 
increased  in  weight  2i  times,  and  wheat  gave  plants  eijual  in  weight, 
when  dry,  (o  twice  that  of  tlie  original  grains,  [Ann.  deChim,  etde  Phys. 
Ixvii.,  p.  1.]  The  source  of  ihe  carbon  in  all  these  cases  cannot  be 
doubled. 

1°.  When  lands  are  inipovotished,  you  lay  them  down  to  grass,  and 
the  longer  they  lie  undisturbed  the  richer  in  vegetable  matter  does  the 
soil  become.  When  broken  up,  you  find  a  black  fertile  mould  where 
little  trace  of  organic  mailer  had  previously  existed. 

The  same  observation  applies  to  lands  long  under  wood.  The  vege- 
table matter  increases,  the  soil  improves,  and  when  cleared  and  plough- 
ed it  yields  abundant  crops  of  corn. 

Do  grasses  ar>d  trees  derive  their  carbon  fram  the  soil  ?  Then,  how, 
by  their  growth,  do  they  increase  the  quantity  of  carbonaceous  matter 
which  the  soil  contains  ]  It  is  obvious  that,  taken  as  a  whole,  they 
must  draw  from  the  air  not  only  as  much  as  is  contained  in  their  own 
tiubstance,  but  an  excess  also,  which  they  impart  to  the  soil. 

5*^.  But  on  this  point  the  rapid  growth  of  peat  may  be  considered  as 
absolutely  conclusive.  A.  tree  falls  across  a  little  running  stream,  dams 
up  the  water,  and  produces  a  ronrshy  spot.  Rushes  and  reeds  spring 
tip,  mosses  take  mot  and  grow.  Year  after  year  new  shoots  are  seat 
forth,  and  the  old  plants  die.  Vegetable  matter  accumulates  ]  a  bog, 
and  finally  a  thick  bod  of  peat  is  formed. 

Nor  does  this  peat  form  and  accumulate  at  the  expense  of  one  spe- 
cies or  genus  of  plants  only.  Laiitude  and  local  situation  are  the  cir- 
cumstances which  chiefly  effect  this  accumulaUon  of  vegetable  matter 
on  the  soil.  In  our  own  country,  the  lowest  layers  of  peal  are  formed 
of  aquatic  plants,  the  next  of  mosses,  and  the  highest  of  heath.  In 
Terra  del  Fuego,  "nearly  every  patch  of  level  ground  is  covered  by 
two  species  of  plants  (asfeifia  pumiia  of  Brown,  and  danaiia  mageUan- 
iVa),  which,  by  their  Joint  decay,  compose  a  thick  bed  of  elastic  peat.'' 
"  la  the  Falkland  Islands,  almost  every  kind  of  plant,  even  the  coarse 
grass  which  covers  the  whole  surface  of  the  island,  becomes  converted 
into  this  substance."* 

Whence  have  all  these  plants  derived  their  carbon  ?  The  quantity 
originally  contained  in  the  soil  is,  after  a  lapse  of  years,  increased  ten 
thousand  fold.  Has  dead  matter  the  power  of  reproducirg  itself? 
You  will  answer  at  once,  that  all  these  plants  must  liave  growu  at  the 
'expense  of  the  air,  must-have  lived  on  the  carbon  it  was  capable  of  af- 
fording them,  and  as  they  died  must  have  left  this  corbou  in  a  stale  un 
fit  to  nourish  the  succeeding  races. 

This  reasoning  appears  unobjectionable,  and,  from  the  entire  group  of 
Sicis,  we  seem  justified  in  concluding  that  plants  every  where,  and 
under  all  circumstances,  derive  the  whole  of  their  carbon  from  the  at- 
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In  certain  exireme  cases,  as  in  those  of  plants  growing  in  the  air  and 
in  soils  perfectly  void  of  organic  matter,  this  conclusion  must  be  abso 
lutely  true.  The  phenomena  admit  of  no  other  interpretation.  But  is 
it  as  strictly  true  of  the  more  usual  ibrms  of  vegetable  life,  or  in  ihe  or- 
dinary circumstances  in  which  plants  grow  spontaneously  or  are  culti- 
vated by  the  art  of  man?  Has  the  vegetable  matter  of  the  soil  no 
connection  with  the  growth  of  the  trees  or  herbage  ? — does  it  yield  ibem 
DO  regular  supplies  of  nourishment  7  Does  nature  every  where  form  a 
vegetable  mould  on  which  her  wild  flowers  may  blossom  and  her  pri- 
raeval.foresis  raise  their  lofty  heads  ]  Has  the  ag'ricullural  esperience 
of  all  agea  and  of  all  countries  led  the  practical  farmer  to  imitate  nature 
in  preparing  such  a  soil  ?  Does  nature  work  in  vain  1 — is  all  this  ex- 
perience to  lie  at  once  rejected  ? 

While  we  draw  conclosious,  legitimate  in  kind,  wo  must  be  cautious 
how,  in  degree,  we  extend  them  beyond  our  premises. 

The  consideration  of  one  or  two  facts  will  shew  that  our  general  con- 
clusion must  either  be  modified  or  more  cautiously  expressed. 

1°.  It  is  true  that  plants  will,  in  certain  circumstances,  grow  in  a  soil 
containing  no  sensible  quantity  of  organic  matter — but  it  is  also  true, 
generally,  that  they  do  not  lusuriate  or  readily  ripen  their  seed  in  such  a 

2°.  It  is  consistent  with  almost  universal  observation,  that  the  same 
soil  is  more  productive  when  organic  matter  is  present,  than  when  it  19 
wholly  absent. 

3°.  That  if  the  crop  be  carried  off  a  field,  less  organic  matter  is  left 
in  the  soil  than  it  contained  when  the  crop  began  tn  grow,  and  thai  by 
constant  cropping  the  soil  is  gradually  exhausted  of  organic  matter. 

Now  il  must  be  gi;anled  ilial  tillage  alone,  without  cropping,  would 
gradually  lessen  the  amount  of  organic  matter  in  ihe  soil,  by  continually 
expi>sing  it  to  the  air  and  hastening  its  decay  and  resolution  into  gaseous 
substances,  which  escape  into  tlie  atmosphere.  But  two  years'  open 
fallow,  with  (tonslant  stirring  of  the  land,  will  not  rob  il  of  vegetable 
matter  so  effectually  as  a  year  of  fallow  succeeded  by  a  crop  of  wheal. 
Some  of  [lie  vegetable  matter,  therefore,  which  the  soil  conlaiued  whan 
the  seed  was  sown,  must  be  carried  off' die  field  in  ihecrop. 

The  conclusion  therelbre  seems  10  be  reasonable  and  legitimaie,  that 
the  crop  which  we  remove  from  a  field  has  not  derived  all  its  cBrboii  di- 
rectly Iroin  the  air — but  has  exlracled  a  portion  of  il  immediately  from 
the  soil.  It  is  to  supply  this  supposed  loss,  that  the  practical  farmer 
finds  it  necessary  to  restore  to  the  land  in  the  form  of  manure— among 
other  substances — the  carbon  also  of  which  the  straw  or  hay  had  mbbed 
the  soil. 

But  how  is  this  reconcileable  with  our  previous  conclusion,  that  the 
whole  of  the  carbon  is  derived  from  the  air?  The  dilficulty  is  of  easy 
solution. 

A  seed  germinates  in  a  soil  in  which  no  vegetable  matter  exists;  it 
sprouts  vigorously,  increases  then  slowly,  grows  languidly  at  the  expense 
of  the  air,  and  the  plant  dies  stunted  or  immature.  But  in  dying  it  im- 
parls vegetable  matter  10  the  soil,  on  which  the  next  seed  thrives  better 
T^rawing  support  not  only  frum  the  air,  but  by  its  foots  from  the  soil 
^o.     The  death  of  this  second  plant  enriches  tit?  soil  further,  and  thus. 
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■while  each  succeeding  plant  is  partly  nourished  by  food  from  the  earth, 
yet  each,  wheQ  it  ceases  lo  live,  imparts  to  the  soil  all  the  carbon  which 
during  its  life  it  has  extrncted  from  the  air.  Let  the  quantity  -which 
each  plant  thns  relnms  to  the  soil,  extieed  what  it  has  drawn  from  it  by 
only  one  ten -thousandth  of  the  whole,  and — unless  other  causes  inter- 
vene— the  vegetable  matter  in  the  soil  must  increase. 

Thus  while  it  is  strictly  true  that  the  carbon  contained  in  all  plants 
has  been  originally  derived  from  the  air,  it  is  not  true  ihat  the  ivhole  of 
what  is  contained  in  any  one  crop  we  raise,  is  directly  derived  from  the 
amiosphere-^e  proportion  it  draws  from  the  soil  is  dependent  upon  nu- 
merous and  varied  circu instances. 

The  history  of  vegetable  growth,  therefore^in  so  far  at  least  as  the 
increase  of  the  earboa  is  concerned — may  be  thus  sitnply  stated  : 

1°.  A  plant  grows  partly  at  the  expense  of  the  soil,  and  partly  at  that 
of  the  air.  When  it  reaches  maturity,  or  when  winter  arrives,  it  dies. 
The  dead  vegetable  matter  decays,  a  part  of  it  is  resolved  into  gaseous 
matter  and  escapes  into  the  air,  a  part  remains  and  is  incorporated  with 
the  soil.  If  that  which  remains  be  greater  in  quantity  than  that  which 
ihe  plant  in  growing  derived  from  the  soil,  the  vegetable  matter  will  in- 
crease; if  less,  it  will  diminish. 

9°.  In  warm  climates  the  decay  of  dead  vegetable  matter  is  more 
rapid,  and,  therefore,  the  portion  left  in  the  soil  will  be  less  than  in 
more  temperate  regions — in  other  words,  the  vegetable  matter  in  the 
soil  will  increase  less  rajjidly — it  may  not  increase  at  all. 

3°.  As  we  advance  inlocolder  countries,  ihedecay  and  disappearance 
of  dead  vegetable  matter,  in  tlie  form  of  gaseous  substances  which  escape 
into  the  atmosphere,  become  more  slow — till  at  length,  between  the  par- 
allels of  40°  and  45°,  it  begins  to  accumulate  in  vast  quantities  in  favour- 
able situations,  forming  peat  bogs  of  greater  or  lesseuienl.  While  the 
living  plant  here,  as  in  warm  climates,  derives  carbon  both  from  the 
earth  and  from  the  air,  the  dead  plant,  during  its  slow  and  partial  decay, 
restores  little  to  the  atmosphere,  and  therefore  adds  rapidly  to  the  vege- 
table matter  of  the  soil. 

4°.  Again,  in  one  and  the  same  climate,  the  decay  of  ve^table  mat- 
ter, and  its  conversion  into  gaseous  substances,  is  more  rapid  in  propor- 
tion to  the  frequency  with  which  it  is  disturbed  or  exposed  to  the  action 
of  the  sun  and  air.  Hence  this  decay  may  be  comparatively  slow  in 
shady  woods  andin  fields  covered  by  a  thick  sward  of  grass;  and  in  such 
situations  organic  matter  may  accumulate,  while  it  rapidly  diminishes 
in  an  uncovered  soil,  or  in  fields  repeatedly  ploughed  and  subjected  to 
frequent  cropping.* 

Being  thus  fitted,  by  nature,  to  draw  their  sustenance— now  from  the 
earth,  now  fiom  the  air,  and  now  from  both,  according  as  they  can  most 
readily  obtain  it — plants  are  capable  of  liviti^, — though  rarely  a  robust 
life, — at  the  expense  of  either.  The  proporuon  of  their  food  which  they 
actually  derive  from  each  source,  will  depend  upon  many  circumstan- 
ces—on  the  nature  of  the  plant  itself— on  the  period  of  its  gipwih— on 
tlie  soil  in  which  it  is  planted — on  ihe  abundance  of  food  presented  to 
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cilher  extremity — on  (he  warmth  and  moisture  of  the  climate — on  the  du- 
ration and  intensity  of  the  sunshine,  and  other  circiioistsnces  of  a  similar 
kind — so  that  the  only  general  law  seem*  to  be,  that,  like  aniinoU,  plants 
have  also  ihe  power  of  adapting  themselves,  to  a  tiertain  extent,  to  the 
conditions  in  which  they  are  placed  ;  and  of  supporting  life  by  the  aid  of 
such  Biislenantie  as  may  be  within  their  reach. 

Such  a  view  of  the  course  of  nature  in  ihe  vegetable  kingdom,  is  con- 
sisteot,  I  believe,  with  all  known  facta..  And  that  ihe  Deity  has  bounti- 
fully fitted  the  various  orders  of  plants — with  which  the  surface  of  the 
earth  is  al  once  beaiiiified  and  rendered  capable  of  supporting  animal 
life — to  draw  their  nourishment,  in  somn  spots  more  from  the  air,  inoth-  ■ 
ers  more  from  the  soil,  is  only  in  accordance  with  the  ni 
wo  everywhere  perceive,  for  the  preservation  and  c 
present  condition  of  thii^gs. 

By  taking  a  one-sided  view  of  nature,  we  may  arrive  at  startling 
conclusions — correct,  if  taken  as  partial  truths,  yei  false,  if  advanced  as 
general  propositions — and  fitted  to  iead  into  error,  such  as  liave  not  the 
requisite  knowledge  to  enable  them  tojuilge-fiir  themselv.es— ror  such  as, 
doubtful  of  their  own  judgment,  are  willing  to  yield  assent  to  the  author- 

Ot  tbis  kind  appears,  at  first  sight,  to  he  the  statement  of  Liebig,  that 
"when  a  plant  is  quite  matured,  and  w^hen  the  organs  by  which  it  ob- 
tains food  from  ihe  atmosphere  are  fiirmed,  tiie  carbonic  acid  of  tlie  soil 
is  no  further  requited" — and  that,  "during  theheaiofsumrher  it  derives 
its  carbon  exclusively  from  the  atmosphere." — [Organic  Chemistry  ap- 
plied lo  Agriculture,  p.  48.] 

A  little  consideration  will  shew  us  (hat,  while  the  proposition  containfid 
in  the  former  i]uotation  may  be  entertained  and  advanced  as  a  matlerof 
opinion, — the  latter  is  obviously  incorrect.  In  summer,  when  the  sun 
shines  tlie  brightest,  and  for  the  greatest  number  of  hours,  the  evapora- 
tion from  the  leaves  of  all  plants  (their  insensible  perspiration)  is  thu 
greatest — the  largest  supply  of  water,  therefore,  must  at  this  season  be 
abwrhad  by  the  roots,  and  transmuted  upwards  to  the  leaves — [Lindley's 
Theory  of  Horticulture,  p.  46.1 — But  (his  water,  before  it  enters  (he  roots, 
has  derived  carbonic  acid  and  other  soluble  substances  from  the  air  and 
from  the  soil,  in  as  large  tpiantity  at  tliis  period  as  at  any  other  during 
the  growth  of  ihe  plant;  and  these  substances  it  will  carry  with  it  in  its 
progress  through  tlie  roots  and  the  stem. 

Are  the  functions  of  tlie  root  changed  at  this  stoge  of  the  plants' 
growth  1  Do  they  now  absorb  pure  water  only,  carefully  separating  and 
refusing  to  admit  even  such  substances  as  are  held  in  soiu(ion.'-  Or 
do  the  same  materials  which  minister  to  the  growth  of  the  plant  in  its 
earlier  stages,  now  pass  upwards  to  the  leaf  and  return  again  in  the 
course  of  the  circulaliun  unchanged  and  uncmplnyed,  to  be  again  re- 
jected at  (he  roots  ?  Does  all  this  take  place  in  the  height  of  summer, 
while  the  plant  is  still  rapidly  increasing  in  size  ?  The  opinion  is  nei- 
ther supported  by  facts  nor  eouidatent  with  analogy. 

But  such  an  opinion, — however  the  words  above  quoted  may  mislead 
some, — is  not  intended  to  be  advanced  by  Liebig;  Ibr,  in  the  following 
page  he  says,  that  "  the  power  which  roots  possess  of  taking  up  nonrish- 
a.._   ....  ..   1...    __  - 's  present."     ' 


tlierefore,  as  well  as  in  spring  or  in  aulumn,  the  plant  must  be  ever  ab- 
sorbing nourisiiment  by  these  roots,  if  the  soil  is  capable  of  affording  it — 
aniJ  thus,  in  the  general  vegelatian  of  the  globe,  the  increase  of  catboa 
in  growing  plants  must,  at  every  season  of  the  year,  be  partly  derived 
from  the  vegetable  matter  of  ihe  soil  in  which  they  grow. 

§  2.  Form  in  vMch  carbon  enters  into  the  circulation  of  plants. 

Supposing  it  to  be  established  that  the  whole  of  (he  carbon  contained 
in  plants  has  originally  been  derived  from  the  air — we  have  only  lo  in- 
quire in  what  state  this  element  exists  in  the  atmosphere,  in  order  to 
satisfy  ourselves  as  to  liie  form  of  combination  in  which  it  is  and  has 
been  received  into  the  circulation  of  plants.  In  considering  the  consti- 
tution of  the  atmosphere  in  the  preceding  lecture,  it  was  stated  that  car- 
bonic acid,  a  compound  of  carbon  and  oxygen,  is  always  pvesent  in  it — 
and  thai,  though  this  gas  is  diffused  through  the  air  in  comparatively 
small  quantity  only,  yet  it  is  everywhere  16  be  detected, — while  no 
oihec  compound  of  carbon  is  to  be  found  in  it  in  any  appreciable  quanti- 
ty. We  must  conclude,  therefore,  that  from  this  gaseous  carbonic  acid 
the  whole  of  the  carbon  contained  in  plants  has  heea  priinarily  derived. 
This  conclusion  is  confirmed  by  the  observation  so  frequently  made, 
that  [he  leaves  of  plants  in  sunshine  absorb  carbonic  acid,  and  that 
plants  dfe  in  an  atmosphere  from  which  this  gas  is  entirely  excluded. 

But  we  have  seen  reason  to  behove  that,  under  existing  circtimstaa- 
ces,  plants  also  extract  a  portion  of  the  carbon  they  contain  from  the 
soil  in  which  they  gcovf.  In  what  state  or  form  of  combination  do  the 
roots  absorb  carbon  7 

The  most  abundant  product  of  the  decay  of  vegetable  matter  in  the 
B<  1  I  e  same  carbonic  acid  which  plants  inhale  so  largely  from  the 
H  n  o  phe  e  by  their  leaves.  In  a  soil  replete  with  vegetable  matter, 
1  to  the  roots  are  surrounded  by  an  atmosphere  more  or  less 
ha  g  1  with  carbonic  acid.  Hence  if  they  are  capable  of  inhaUng 
ga  u  substances,  this  gas  will  enter  the  roots  in  the  aeritbrni  stale — if 
n  ust  enter  in  solution  ia  the  water,  which  the  roots  drink  in  so 
la  g  ly  o  supply  the  constant  waste  caused  by  the  insensible  persptra- 
Hon  of  the  leaves. 

During  the  early  fermentation  of  artificial  manures  there  is  also  de- 
veloped in  the  sojl  a  variable  proportion  of  light  carburetted  hydrogen 
(Lecture  III.,  p.  49),  which  is  supposed  by  some  to  enter  occasionally 
inio  the  roots.  That  it  does  enter,  however,  is  doubtful, — and  we  are 
safe,  I  think,  in  considering  this  compound  not  only  as  an  uncertain 
source  of  the  carbon  of  plants,  but  as  one  from  which,  in  the  most  fa- 
vourable circumstances,  they  can  derive  only  a  small  supply. 

Thus,  from  the  earth  as  from  the  air,  the  most  unfailing  supply  of  food 
is  the  gaseous  carbonic  acid. 

But  as  the  water  passes  through  the  soil  it  takes  up  inorganic  substan- 
ces— potash,  soda,  lime,  magnesia — and  conveys  them  through  (he  roots 
into  the  circulation  of  the  plants.  Can  it  refuse  lo  take  up  and  to  perform 
a  similar  office  to  the  soluble  organic  substances  it  meets  with,  as  it  sinks 
through  the  soil  7  Or  do  the  spoiigioles  of  the  roots  lieep  a  perpetual 
watch  ower  the  entering  waters,  to  prevent  the  introduction  of  every  so- 
luble Ibrm  (4*  carbon  but  that  of  carbonic  acic't    Or,  supposing -E(i)4^iMC 
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substances  introduced  into  the  interior  of  the  plant,  are  none  of  them 
digested  there  and  converted  to  the  general  purposes  of  food  ?  A  slate- 
ment  of  two  or  three  facts  will  afford  a  saiisfactory  reply  to  these  several 
questions. 

1°.  When  plants  are  made  to  grow  in  infusions  of  madder  the  radicle 
fibres  are  tinged  of  a  red  colour. 

3°.  The  flower  of  a  white  hyacinth  becomes  red  after  a  few  hours, 
when  the  earih  in  which  it  ia  planted  is  sprinkled  with  the  juice  of  the 
phylvlaca  decandra  (Biot) . 

Therefore  organic  substances  can  enter  into  the  roots,  and  thence  into 
ike  circulation,  of  theplanl. 

3°.  The  colour  of  the  madder  does  not  usually  extend  upwards  to 
the  leaves  and  flowers  of  the  plant. 

4°.  The  colour  imparted  to  the  flower  of  the  while  hyacinlh  disap- 
pears in  the  sunshine  in  ihe  course  of  a  few  days. 

Organic  colouring  matters,  therdore,  under  go  a  chemical  change  either 
in  the  stem,  in  ffte  leaf,  or  in  the  flower — some  sooner,  some  later — and 
s  probably  the  case  with  most  other  organic  substances  which 
^...  aaion  into  the  interior  of  plants. 

6°.  Sir  Humphry  Davy  introduced  plants  of  mini  into  weak  solutbns 
of  sugar,  gum,  jelly,  the  tanning  principle,  &c.,  and  found  that  tliey 
grew  vigorously  in  all  of  them.  He  then  watered  separate  spots  of  grass 
wit!)  ihe  same  several  solutions,  and  with  common  water,  and  found  aU 
to  thrive  more  ihan  ihat  to  which  common  waler  was  apjilled — while 
those  treated  with  sugar,  gum,  and  gelatine  grew  luxuriantly, — [Davy's 
Agricultural  Chemistry,  Lecture  VI.] 

Therefore  diflTerent  organic  substances — being  introduced  into  the  cir 
culation  and  there  changed — are  converted  by  plants  into  iheii  own  sub- 
stance, or  act  as  food,  and  nonrish  the  plant. 

We  naay  consider  it,  therefore,  to  be  satisfactorily  established  that, 
while  a  plant  sucUa  in  by  its  leaves  and  roofs  much  catbon  in  the  form  of 
carbonic  acid,  it  derives  a  varialle  portion  of  its  immediate  sustenance 
(of  its  carbon)  from  the  soluble  organic  substances  that  ace  within  reach 

This  fact  Ja  never  doubted  by  the  practical  husbandman.  It  forma 
the  basis  of  many  of  his  daily  and  most  important  operations,  while 
Ihe  results  of  these  operations  are  further  proofs  of  the  fact. 

The  nature  of  ihe  soluble  substances  which  are  formed  during  the  de- 
cay of  animal  and  vegetable  substances — and  which  the  roots  of  plants 
are  supposed  to  take  up — will  be  conadered  in  a  subsequent  lecture.* 

5  3.  Source  of  the  hydrogen  of  plants. 

The  source  of  the  hydrogen  of  plants  is  less  doubtful,  and  will  re- 
quire less  iUuslralion,  than  the  source  of  the  carbon.  Thb  elementary 
substance  is  not  known  to  exist  in  nature  in  an  uncombined  state,  and, 
therefore,  it  must,  like  carbon,  enter  into  plants  in  union  with  someoiher 
element. 

1",  Water  has  been  already  shewn  to  consist  of  hydrogen  in  combina- 

*  Thia  pan  of  the  subjectmlght  have  been  dlscassed  bcre  nllhanl  appearing  dul  of  place 
— bin  it  ivjll  come  in  more  apptopriitely,  I  Ihiut,  when  trcalUn!  of  the  nalare  and  modo  ef 


lion  with  oxygen.  In  the  form  of  vapour,  this  compound  pervades  the 
almospherc,  and  plays  among  the  leaves  of  plaDts,  while  in  the  liquid 
etaia  it  is  diffused  through  the  soil,  and  is  unceasingly  drunk  in  by  the 
roots  of  all  living  vegetables.  In  the  interior  of  plants — at  least  during 
iheir  growth — this  water  is  cominually  undergoing  decomposition,  and 
it  is  unquestionably  the  chief  source  of  the  hydrogen  which  enters  into 
the  constitution  of  their  several  parts.  In  explaining  the  properties  of 
water  I  have  already  dwelt  lipon  the  apparent  facility  with  which  its 
elements  are  capable  either  of  separating  from,  or  of  re-uniting  to,  each 
other,  in  the  vascular  system  of  animals  or  of  plants.  The  reason  and 
precise  results  of  these  transformations  we  shall  hereaiier  consider. 

2°.  In  Ughi  carburetted  hydrogen  (CHj),.  given  off  as  already  stated 
during  the  decay  of  vegetable  matter,  and  said  to  be  always  present  in 
highly  manured  soils,  this  element,  hydrogen,  exists  to  the  amount  of 
nearly  one-fourth  of  its  weight.  On  the  exiem,  therefore,  to  which  (hia 
gaseous  compound  gains  admission  into  the  roots  of  plants,  will  de- 
pend the  supply  of  hydrogen  which  they  ace  capable  of  drawing  from 
(his  source.  Had  we  satisfactory  evidence  of  the  actual  absorption  of 
this  (marsh)  gas  by  the  roots  or  leaves  of  plants,  in  any  quantity,  we 
should  have  no  difficulty  in  admitting  that  plants  might,  from  this  source, 
easily  obtain  a  considerable  supply  both  of  carbon  and  of  hydrogen.  Il 
would  be  also  easy  to  explain  how  <ihat  is,  by  what  chemical  changes,) 
it  is  capable  of  being  so  appropriated.  But  the  extent  to  which  il  really 
acts  as  food  to  living  vegetables  is  entirely  unknown. 

3°.  Ammonia  is  another  oomjwund,  containing  much  hydrogen,  [its 
formula  being  NHj,  or  one  equivalent  of  nitrogen  and  three  of  hydro- 
gen,] which,  as  I  have  already  staled,  exercises  a  manifest  influence  on 
the  growth  of  plants.  If  this  substance  enter  into  their  circulaiion  in 
ai;y  sensible  quantity, — if,  as  some  mainiaio,  it  be  not  only  universally 
diffused  throughout  nature,  but  is  constantly  affecting,  and  influencing  at 
all  times,  the  universal  functions  of  vegetation — there  can  be  no  doubt 
that  (he  hydrogen  it  contains  must,  to  an  equal  extent,  be  concerned  in 
the  production  of  the  various  organic  substances  which  are  formed  or 
elaborated  by  the  agency  of  vegetable  life.  How  far  this  probable  in- 
terference of  the  hydrogen  of  ammonia  with  the  functions  of  the  vegeta- 
ble organs,  will  tend  to  explain  or  illustrate  the  influence  actually  eitert- 
ed  by  this  compound,  we  shall,  by  and  by,  more  accurately  inquire.  In 
the  mean  time,  the  quantity  of  ammonia,  which  actually  enters  into  (he 
circulation  of  plants  in  a  slate  of  nature,  is  too  little  known,  and  making 
the  largest  allowance,  probably  loo  minute,  to  permit  us  to  consider  it  as 
an  itnportant  source  of  hydrogen  to  the  general  vegetation  of  the  globe. 

4°-  The  soluble  organic  substances,  which  enter  into  the  circulation 
of  plants  through  the  roofs,  as  shewn  in  the  preceding  section,  do  not 
consist  of  carbon  and  water  only,  but  of  combinations  of  carbon  with 
hydrogen  and  oxygen  in  various  proportions.  From  these  substances, 
therefore,  plants  derive  an  uncertain  and  indefinite  supply  of  hydrogen 
in  a  slate  already  half-organized,  and  probably  still  more  easily  assimi- 
lated or  conveMed  into  portions  of  their  own  substance,  than  when  this 
element  is  combined  with  oxygen  in  the  form  of  water. 

We  may,  therefore,  conclude  generally  in  regard  lo  the  source  trf"  the 
hydrogen  of  plants — that  though  there  are  undoubtedly  several  other 


forma  of  combination  in  which  this  element  may  enter  inlc 
lion,  ia  uncertain  t]uantity — yet  that  all-pervading  water 
and  constant  source  from  which  the  hydrogen  of  vegelablt 
derived. 

§  4,  Source  of  the  oxygen  of  plants. 

We  can  at  once  perceive,  and  without  difficulty,  the  various  sources 
of  the  oxygen  of  plants ;  though  it  is  difficult  in  this  case  also  to  say 
how  much  they  derive  from  each. 

1°.  The  water  which  they  imbihe  so  largely  consiata  in  great  pan  of 
oxygen,  and  is  easily  decomposed,  [eight-ninths  of  the  weight  of  water 
are  oxygen.]     This  alone  would  yield  an  inexhaustible  supply, 

2°.  The  atmosphere  contains  21  per  cent,  of  its  hulk  of  oxygen,  and 
(he  leaves  of  plants  in  certain  circumstances  are  known  to  absorb  this 
oxygen.     The  air   in   which  they  live,    therefore,   might    be  another 

3°.  Carbonic  acid  contains  73  per  cent,  by  weight  of  oxygen,  and 
this  gas  is  also  known  to  be  absorbed  in  large  tjuanlity  from  the  atmos- 
phere by  the  leaves  of  plants — while  its  soluiian  in  water  is  admitted 
readily  by  the  roots. 

From  any  one  of  these  sources  an  ample  supply  of  oxygen  might 
readily  be  obtained,  and  it  naay  be  considered  as  a  proof  of  the  vast  iin- 

fioriance  of  Ibis  element  to  the  maintenance  of  animal  and  vegetable 
ife,  that  it  is  everywhere  placed  so  abundaiitiy  within  (he  reach  of 
Jiving  beings.  It  is  from  (he  first  of  these  sources,  however,  from  the 
water  they  contain,  that  plants  are  believed  tn  derive  their  principal 
supply.  The  reasons  on  which  this  opinion  is  founded  will  appear 
when  we  sJiall  have  considered  iHe  functions  of  the  several  parts  of 
plants,  and  tlie  chemical  changes  to  which  the  food  is  subjected  in  the 
course  of  the  vegetable  circulation. 

55.  Source  of  the  nitrogen  of  plants. 

The  quantity  of  nitrogen  present  in  plants  is  very  small,  compared 
with  that  of  any  of  the  other  elements  which  enter  into  (heir  cong(itu- 
tion.  or  this  you  will  be  reminded,  by  a  reference  to  the  analyses  of 
hay,  oats,  and  potatoes,  exhibited  in  the  second  lecture  (page  30),  which 
shew  that  the  nitrogen  contained  in  these  several  crops,  when  perfectly 
dried  a(  240°  F.,  is  respectively  1^,  3J,  and  1^  per  cent.  In  the  state 
in  which  they  are  usually  given  to  cattle  they  contain  a  still  less  per 
centage  of  nitrogen,  in  consequence  of  the  quanti(y  of  water  still  present 
in  them.  Thus  raw  potatoes  as  they  are  given  to  calde  contain  only  J- 
of  a  per  cent,  of  nitrogen,  hay  1^  per  cent.,  and  oats  1-^*  per  cent.,  or  a 
hundred  pounds  of  each  contain  5  ounces,  1  pound  5  ounces,  and  1  pound 
14  ounces  respectively. 

It  would  appear  at  first  sight  as  if  this  small  quantity  of  nitrogen 
could  be  cf  Uttle  importance  to  the  plant,  especially  since,  as  we  shall 
hereafter  see,  it  does  not  enter  as  a  constituent  into  those  vegetable  sub- 
stances, such  as  woody  fibre,  starch,  sugar,  and  gum,  which  plants  pro- 
duce in  the  greatest  abundance,  and    of  which  their  own  stems  and 
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branches  chiefly  consist.  The  same  remark,  however,  applies  to  this, 
as  to  mauy  other  eases  which  present  themselves  to  the  chemist,  during 
his  analyses,  especially  of  organized  substances, — that  those  elements 
which  are  present  only  in  small  quantity  are  as  necessary — as  essemial 
— to  the  constitution  of  the  particular  substance  in  which  they  occur,  as 
other  elements  are  of  which  they  contain  much  ;  ard  that  if  these  small 
(juantities  ore  removed  or  absent,  not  only  are  (he  physical  and  chemi- 
cal properties  of  the  substance  materially  altered,  hut  it  is  found  also  to 
exercise  a  very  different  influence  on  animal  and  vegetable  life.  This 
latter  observation  will  present  itself loyou  in  a  very  striking  light,  when 
we  come  hereafter  to  study  the  nutritive  properties  of  ihe  several  kinds 
of  food  by  which  animals  are  chiefly  supported, — and  shall  see  on  what 
elemeniary  body  their  relative  nutritive  properties  depend,  or  by  the 
amount  of  which  their  relative  value  appears  at  least  to  be  indicated. 

But  a  consideration  of  the  absolute  (jtiautity  of  nitrogen  contained  in 
an  entire  crop  will  satisfy  yuu  that  though  small  in  comparative  amount, 
[that  is,  compared  with  the  carbon  and  oxygen  which  plants  contain,] 
this  element  cannot  be  without  its  due  share  of  importance  in  reference 
to  vegetable  life.  Hay,  as  above  stated,  contains,  as  it  is  stacked,  1^* 
per  cent,  of  nitrogen,  or  a  ton  of  hay  contains  30  lbs.  of  this  element.  A 
good  crop  of  hay,  on  land  which  is  depastured  during  the  winter,  will 
amount  to  2  or  2i  tonsf  per  acre.  Taking  2  tons  as  an  average,  the  hay 
from  one  acre  will  contain  60  lbs.  of  nitrogen,  or  from  100  acres  GOOD  lbs,, 
equal  to  2|  Ions  of  nitrogen. 

Allowing,  therefore,  nothing  for   the   aftermath,  and  supposing  the 
other  crops  to  contain  no  more  nitrogen  than  the  hay  does,  the  farmer  of 
five  hundred  acres  will  annually  carry  into  his  stack-yard  at  least  13 
f      rogen  in  the  form  of  hay,  straw,  grain,  and  other  produce. ( 
N  performs  all  her  operations  on  a  large  scale,  and  the  quantity 

f  Is  she  employs  are  large  in  a  corresponding  degree.     Hence, 

h  gb  CO  parativeiy  small,  the  nitragen  in  vegetable  substances  is  afe- 
sol  Ij  I  ge.  You  cannot  suppose,  when  viewed  in  ibis  light,  that 
n  g  n  an  element  of  little  consetjuence  in  reference  to  vegetable 
If  h  t  in  nature  it  should  be  so  constantly  and  universally  dif- 

lused  without  reference  lo  sonie  important  etid.  If  I  may  be  allowed  a 
familiar  illustration  of  the  mode  in  which  smaU  quantities  of  matter  wilt 
affect  the  sensible  properties  of  large  masses,  I  would  recall  to  your 
minds  the  effects  of  seasoning  upon  Ibod,  in  imparting,  when  added  in 
small  quantity  only,  an  agreeable  relish  to  wlial  would  otherwise  be 


near  the  Halt  bsayl^ded  annually  al  ill  is  rale  for  10l}i'esrB,s>idvilthciit  other  panurelban 
Ilia  droppings  fn)ni  Ihs  caUle  «liioli  have  fed  upon  II. 

per  acre.    Tliia  hay  conlsins  more  Ihan  twice  Ihe  qiiaDIIty  or  nilrogen  <uauasingaull}  that 
ttiHimoa  hay  does,  hence  an  Bcreofauoh  hay  would  eonlain  al  least  180  Hw.  of  ntmaen.      | 
(8eeL3C«in)IL,p.30.)  i  ../..  .AtODQIC 
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insipid.  But  I  need  not  dwell  on  this  point,  since  I  shall  hereafter  Mive 
occasion  to  draw  your  atieotion  to  certain  facts  in  raferenoe  lo  the  coii- 
stitoiioo  of  ihe  atmosphere,  which  will  satisfy  you  thai,  by  the  agency 
of  corKparatively  feeble  causes,  gigantic  effects  ace  coolioually  produced 
in  nature, — and  that  we  can  scarcely  fall  into  a  graver  error  in  reason- 
ing of  natural  processes,  than  byoveriookiag  the  agency  of  forma  of  mat- 
ter which  present  themselves  to  our  senses  in  minute  quantity  only.  In 
reference  to  insect  life  this  truth  has  been  long  esfabh'shed.  In  the  cural 
reefe  you  are  familiar  with  the  wonderful  reauUa  of  the  persevering  la- 
bour of  minute  animals  in  one  element.  When  I  come  to  explain  ihe 
nature  and  origin  of  soils,  I  shall  have  occasion  to  show  that  even  the 
element  on  which  you  labour — the  earth,  on  the  cultivarioa  of  which 
your  thoughts  and  hands  are  daily  employed — is  occasionally  indebted 
for  some  of  its  most  valuable  properties  to  a  similar  agency,  often  un- 
seen by  you,  and  (hough  working  for  your  good,  unheeded  and  un- 
thous;ht  of. 

Whence,  then,  is  this  nitrogen  derived  by  plants  I  The  primari/ 
source  it  ia  not  difficult  to  see.  We  can  arrive  at  it  by  atrain  of  reason- 
ing similarto  that  which  led  us  to  the  atmosphere  as  (he  original  source 
of  the  carbon  of  plants.  Nitrogen  does  not  constitute  an  ingredient  o^twy 
of  the  solid  rocks,*  nordo  we  know  any  other  source  than  the  atmosphere 
from  which  it  can  be  obiained  in  very  large  (juanlity.  It  exists,  as  we 
have  seen,  in  many  vegetables,  and  it  is  more  largely  present  in  animal 
substances,  but  these  organized  matters  must  themselves  have  drawn 
this  element  from  a  foreigo  source,  and  the  atmosphere  is  the  ijnly  one 
from  which  we  can  fairly  assume  it  to  have  been  originally  derived. 

But  though  the  nitrogen,  like  the  carbon  of  plants,  may  thus  be  traced 
to  the  aimosphero — as  its  orginal  source — it  does  nut  ioilow  that  ihia 
element  is  either  absorbed  directly  from  the  air,  or,  in  an  unconibined 
and  gaseous  stale.  Though  the  leaves  of  trees  and  herbs  are  continually 
surrounded  by  nitrogen,  (lie  constitution  of  plants  may  be  unfitted  lor 
absorbing  it  by  their  leaves.  The  nitrogen  may  not  only  require  In  te 
in  a  state  of  combination  betbre  it  can  enter  into  the  circulation,  but  it 
may  also  be  capable  of  gaining  admissioD  only  by  the  roots  Thee 
points  are  considered  iu  the  followiug  section. 

§  6.  Form  in  which  the  nitrogen  enters  into  the  eircuJation  of  pl'^ntt, 
The  question  as  lo  the  form  in  which  nitrogen  enters  into  the  cirfula 
tion  of  plants  is  one  which  at  the  present  moment  engages  much  attention. 
It  will  be  proper,  therefore,  lo  discuss  it  with  considerable  care. 

1°.  It  is  considered  an  essential  part  of  good  tillage  to  break  up  and 
loosen  the  soil,  in  order  that  the  air  may  have  access  to  the  dead  vege- 
table matter,  as  well  as  to  the  living  roots  which  descend  to  considerable 
deptha  beneath  the  surface.  When  ilius  admitted  to  the  roots,  it  is  iju- 
possible  that  some  of  (he  nitroaon  of  the  atmosphere,  as  well  as  some  of 
its  oxygen,  may  be  directly  absorbed  and  appropriated  by  the  plant. 
To  what  exteiit  this  absorption  of  nitrogen  may  proceed,  however,  we 

'  Except  con!,  and  craX  iteelC  Is  of  vfjefabia  origin.  Throt]|;hDiil  all  roclts  In  wliicli  <ir. 
tiiil  Ihese  rsmalns  are  only  accidentoKy  pteBeiil,  and  Ihey  mual'ha.ve  derived  Iheir  nilrosen 
iurlnglife,  sillier  direully  or  iudirecily,  from  Ihe  almosphers.       I  nl  K  )>.>  ji' 


have  as  yet  do  experiraeDlal  results  from  which  we  can  form  any  esti- 
mate. Wliclirer  it  lalies  place  at  a!!  or  not,  is  wholly  a  matter  of  opinion. 

2°.  The  leavesof  plains,  aa  willbemore  fully  explained  hereafier.absorb 
cerlain  gaseous  substances  from  the  atmosphere,  and  we  might,  iheceibce, 
expect  that  soma  of  ihe  nitrogen  of  the  air  would,  by  this  channel,  be 
admitted  into  their  circulation.  This  view,  however,  is  not  confirmed 
by  any  of  the  experiments  hilherto  made  with  the  view  of  investigating 
Ihe  action  and  functions  of  the  leaves.*  We  are  not  at  liberty,  there- 
fore, to  assume  that  any  of  the  nitrogen  which  plants  contain  has  in  this 
way  been  derived  directly  from  the  air.  It  may  be  the  case ;  but  it  is 
not  yet  proved. 

3°.  There  is  little  doubt,  however,  that  nitrogen  enters  the  roots  of 
plants  in  a  state  of  solution.  But  the  ([uaniity  they  thus  absorb  is  un- 
certain— it  is  supposed  to  be  small,  and  must  be  variable. 

When  water  is  exposed  to  the  air  in  an  open  vessel  it  gradually  ab- 
sorbs Dxygejl  and  nitr^en,  though,  as  has  been  slated  in  a  previous  lec- 
ture, in  proportions  diKrent  from  thosein  which  they  exist  in  the  atmos- 
phere. The  whole  quantity  of  the  mixed  gases  thus  taken  up  amounts 
to  about  4  per  cent,  of  the  bclk  of  the  wmier  (Humboldt  and  Gay-Lus- 
sac),  and  in  rain  water  about  3  of  the  whole  consist  of  nitrogen.  One 
Iiucdred  cubic  inches  of  rain  water,  therefore,  will  carry  into  the  soil 
about  S|  inches  of  nitrogeo  gas.  But  in  passing  through  the  soil,  the 
water  meets  with  other  soluble  substances  before  it  reaches  the  roots, 
especially  the  deep-seated  rools  of  plants.  It  lakes  up  carbonic  acid, 
and  it  dissolves  solid  substanijes,  and  in  dtnng  so  it  is  a  property  of  watei 
to  give  off  a  portioa  of  the  other  gases  which  it  had  previously  absorbed 
from  the  air. 

But  let  us  suppose  that  rain  water  actually  taltes  to  the  roots,  and  car- 
ries with  it  into  the  circulaiion  of  the  plant,  2  per  cent,  of  its  bulk  of 
nitrogen,  and  let  us  calculate  how  much  of  the  nitrogen  it  contains  a 
crop  of  hay  could  ia  this  way  derive  from  the  air. 

*  See  BRbseqaent  leclnre  "  On  IA:  itmetHre  mrd/viKliim*  of  Ote  sevendpaiia  ijfplantB." 

ThseipflrimaQtaaboTQ  reJ^nfid  to  w«ra  made  upoD  plaola  ^rowLntf  In  alaao  TeaselB,  tbg 

sir  contained  in  wliicliwu  meaaDred  sad  aiamlDed<iiBBlysed}  both  berare  Ibg  plwils  were 

tnltudncsd  and  after  Itie;  bad  been  soma  time  lb  the  veud.    In  Ibese  Eipertmenla  lliB 

<^/i,  in  quantllr.  Ttie  EonetuBion  seems  Batisfaelory,  Ibat  no  bltroEen  la  alislnicted  dIrecClir 
from  the  atmosphere  by  Lha  leavea  or  planla.  Tet  BoosAlngauIt'  very  Juilly  remarks,  th^ 
a  diminution  in  Lbe  bult  of  the  oirjrogen  too  small  to  be  detacled  la  t£ie  ordlparr  mode  of 

(lous  conclusion,  Uebig  Is  floiaadstted  I  he  aajs,  "We'taara  not  Ihe  sligfateSI  reason  for  be- 
UeTlnBtbatttaesltroKenof  UiealmcapberelokespajtuilheproceaaeBol'aaBiinnationol'pIanLa 
and  animata ;  an  lbs  conlnr;,  wa  knew  thai  many  plasta  smll  lbs  uitrogea  whicli  is  ab- 
sorbed b;  Uialr  rsola  ellher  bi  Ihe  pceeua  form  or  Id  Bolutlon  In  water."    (p.  70.)    But  if 

poriioa  wbloh  bas  prerioiu^  been  ^baotted  1^  ibe  mols  in  Uie  ugcomblned  stale,  and  Ihs 
-lanUtyof  whiehiBao ■' '  — ■-j-=-"— 


I'  Boaaalngaolt  delalla  a  secfsa  of  eiperlmenls  in  Ihe  canrae  of  which  he  made 

nensibly  in  the  peaa  and  trefeil  <1nrinf  Ihalr  gromh ;  hi  dte  wheat  and  oats  no  cha 
fie  delected  by  aBaly^s.    '0ro1a  [heee  raenira  be  is  inclined  to  Infer  Ibat  the  irecn 

«mAmi.deClam.elilePAxs.\ivii.p.  1,  and  liii.  p.  31:3,1      ' 

4  ,...  ,(.;i 
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The  quantity  of  rain  that  Tails  at  York  from  (he  first  of  March  to  the 
middle  of  June— durinfi  which  time  the  grass  grows  and  generally  ri- 
pens— is  about  five  inches.*  On  a  square  foot,  therefore,  there  fall  720 
cubic  inches  of  water,  containing  2  per  cent,  of  iheir  bulk,  or  14  cubic 
JDches  of  nitrogen,  weighing  4j-  grains.  This  gives  28  lbs.  for  the  quati- 
lity  of  nitrogen  thus  brought  to  the  soil  over  an  entire  acre.  But  if  we 
consider  how  the  rain  falU  in  onr  climate,  we  cannol  suppose  the  grass 
iu  a  field  to  absorb  by  its  roots,  and  afterwards  perspire  by  its  leaves, 
more  than  one-third  of  the  whole.  This  qiiatiiiiy  would  carry  with  it  9 
lbs.  of  nitrogen  into  the  circulation  of  the  plants — or  little  more  than  a 
seventh  part  of  the  60  lbs.  mhiclj,  as  we  have  seen,  are  taken  off  the 
field  in  a  crop  of  hay. 

Such  a  calculation  as  this  affords  at  the  best  but  a  very  rude  approxi- 
mation to  the  truth — it  seems,  however,  to  justify  us  in  concluding  that 
plants  can  derive  from  the  air,  and  in  an  uncombined  state,  only  a  small 
portion  of  the  nitrogen  ih^  are  found  to  contain — and  ihat  they  proba- 
bly draw  a  larger  supply  Irpm  certain  compounds  of  this  elementary  sub- 
stance with  hydrogen  and  oxygen — which  are'  known  to  come  within 
the  reach  of  their  roots  and  leaves. 

The  most  important  of  these  compounds,  and  those  perhaps  the  most 
extensively  concerned  in  inflttenctng  vegetation,  are  ammouia  apd  nitric 
acid,  the  properties  of  which  have  been  described  in  the  preceding 
lectuie.f 

§  7.  Absorption  of  ammonia  by  plants. 

Thctt  ammonia  enters  directly  into  the  circulation  of  plants  is  ren- 
dered probable  by  a  variety  of  considerations. 

1°.  Thus  it  is  found  (o  be  actually  present  in  the  juices  of  many 
plants.  In  that  of  the  beet-root,  and  in  those  of  the  birch  and  maple 
trees,  it  is  associated  with  cane  sugar  (Liebig.)  In  the  leaves  of  the 
tobacco  plant,  and  of  scurvy  grass,  in  elder  flowers,  and  in  many  fungi, 
it  is  in  combination  with  acid  substances,  and  may  be  detecled  by 
mixing  their  juices  with  quick-lime. — [Schfibler  Agricultsir  Chemie, 
II.,  p.  56.] 

9°.  Some  plants  actually  perspire  ammonia.  Among  these  ia  tlte 
Ckenapodiiim  Olidum  (slinking  goosefoot),  which  is  described  by  Sir 
William  Hooker  as  "(living  out  a  most  detestable  odour,  compared  to 
putrid  sail  fish."  In  the  odoriferous  matter  given  off  ammonia  is  con- 
tained, and  may  be  detected  by  putting  a  glass  shade  over  the  plant, 
and  after  a  time  introducing  a  feather  moistened  with  vioegar  or  dilute 
muriatic  acid. — [Chevalier  Jbiir.  dePkarm.  X.,  p.  100.1  It  ia  also  pre- 
sent in  the  odoriferous  exhalations  of  many  sweet-smelling  plants  and 
flowers. — [Schnbler,  I.,  p.  152.] 

3°.  Nearly  all  vegetable  substances,  when  distilled  with  water,  yield 
an  appreciable  quantity  of  ammonia.     Thus  the  leaves  of  hyssop,  and 

■  TbB  result  of  eiperimcnig  made  in  J934by  Pmf.  Plillllps  and  Mr.  Edwarrt  Gray.  The 
m«ui  annual  faU  of  rain  ^t  Yark  is  about  22  inch?s.-~<See  atlta  Hepon  of  llio  Brilish  Associa- 
tion, p.  113.) 

jllwlllberecollectedtbal  ammonia  consists  of  one  equlvaknt  of  nitrogen  (N)  untle<1  n, 
tliree  of  hydrogen  (Hs),  being  represenled  b;  NHs ;  and  lliai  nitric  acid  consists  of  one  of  ui- 
lrogeo(N)andfivoo(oiygBntOa),jta  formula  being  N06.—Bea  Lecture  UI.,  p.  34. 


PROM  VEOBTABI.E5.  71 

the  flowers  of  the  lime  tree,  yield  distilled  waters  in  wliich  ammimia 
can  be  deieclod  (Schiibler),  the  seeds  of  plants  thus  distilled  yield  it  in 
abundance  (Gay-Lussac),  and  traces  of  it  may  he  found  in  most  vege- 
table extracts  (Liebig). 

4°.  Ammonia  is  also  given  off,  among  other  products,  when  wood  is 
dislilled  in  iron  retorts  for  the  manufacture  of  pjroligneous  acid,  and  by 
a  similar  treatment  it  may  he  obtained  frora  many  other  vegetable  sub- 

The  above  facts,  however,  are  not  to  he  considered  as  proofs  thai  am- 
monia enters  directly  into  the  circulation  of  plants  either  by  their  roots 
or  by  their  leaves.  That  which  is  associated  with  siigar  in  the  beet,  may 
tiave  been  formed  by  the  same  converting  [rower  which,  in  the  interior 
of  the  plant,  has  produced  the  sugar  from  carbonic  acid  and  water.  So. 
that  eshaled  by  the  leaves  of  the  goosefoot,  which  grows  in  waste  places, 
especially  near  the  sea,  may  have  been  produced  during  the  upward 
flow  of  the  sap  oc  during  its  passage  over  the  leaf:  And  we  know  that 
the  nitrogen  does  not  eicisl  in  the  state  of  ammonia  in  the  seeds  of  plants, 
or  in  wood,  or  in  coal — though  from  all  of  them  it  may  he  obtained  by 
(he  processes  above  described. 

The  production  of  ammonia,  by  the  agency  of  a  high  temperature, 
may  be  illustrated  by  a  very  familiar  expeiiment  often  performed, 
though  for  a  very  different  purpose.  The  juice  and  dried  leaf  of  tobac- 
co contain  nitre  (nitrate  of  potash)  and  a  little  amraoaia.  But  when 
tobacco  is  burned,  ammonia  in  sensible  quantity  is  given  off  along  with 
(he  smoke,  chiefly  in  the  state  of  carbonate  of  ammonia.  This  may  be 
shown  by  bringing  a  lighted  cigar  near  to  reddened  litmus  paper,  when 
the  blue  colour  will  be  restored ;  or  to  a  red  rose,  when  the  leaves  will 
become  green  ;  or  to  a  rod  dipped  in  vinegar  or  in  dilute  muriatic  acid, 
when  a  while  cloud  will  appear. — [Runge,  Einldtung  m  die  technische 
Chemie,  p.  375.] 

In  ihis  case  a  portion  of  the  ammonia  given  off  by  the  tobacco  has 
most  probably  been  formed  during  (he  combustion,  at  the  expense  of  the 
nitrogen  contained  in  (he  nitrate  of  potash  which  is  present  in  the  leaf. 

5'.  But  there  are  other  circumstances  which  are  strongly  in  favour  of 
the  opinion,  that  ammonia  not  unfrequently  does  enter,  as  such,  into  the 
circulation  of  plants. 

Thus  it  is  proved,  by  long  experience,  that  plants  grow  most  rapidly 
and  most  luxuriantly  when  slipplied  with  manure  containing  substances 
of  animal  ori^n.  These  substances  are  usually  applied  to  the  roots  or 
leaves  in  a  stale  of  fermentation  or  decay,  duiing  which  l.hey  always 
evolve  ammonia.  Pulrid  urine  aud  night-soil  are  rich  in  ammonia, 
and  they  are  among  the  most  efficacious  of  manures.  This  ammonia 
is  supposed  lo  enter  into  (he  circulation  of  plants  along  witli  the  water 
absorbed  by  their  roots,  and  sometimes  even  by  the  pores  of  their  leaves. 
We  can  scarcely  be  said  to  have  as  yet  obtained  decisive  proof  thai  it 
does  ao  enter,  but  probabilities  are  strongly  in  favour  of  this  supposition ; 
and  when  we  come  hereafter  to  consider  minutely  the  mode  in  which  it 
is  likely  to  act,  when  within  the  plat  '    "   ''    ' ''  -<--•-■•■.^■-- 

derived  from  practical  experience  to  I 
of  theory - 

But  though  the  facts  so  long  observed  in  reference  to  the  a< 
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imsl  manures  upon  vegelalion,  juslify  us  in  believing  that  ammortia 
actually  enters  into  the  roots,  and  perhaps  into  the  leaves,  of  plants — we 
ought  not  hastily  to  conclude  that  all  the  nitrogen  which  plants  are  ca- 
pable of  deriving  from  decayiti|;  animal  matter  naial  enter  into  their  cir- 
culation in  the  form  of  ammonia.  Other  soluble  compound^  containing 
nitrogen  are  formed  during  the  decay  of  animal  substances — they  ac- 
tually exist  largely  in  the  liquid  manures  of  the  stable  and  fold-yard, 
and  they  can  scarcely  fail,  when  applied  to  tie  soil,  to  be  to  a  certain 
extent  absorbed  by  the  roots  of  plants.  This  wea  is  a  substance  con- 
taining much  nitrogen,  which  exists  in  the  urine  or  excrements  of  most 
animals,  and  by  its  decomposition  produces  carbonate  of  ammonia. 
But  being  very  soluble,  this  substance  may  enter  directly  into  the  roots, 
and  may  be  there  decomposed,  and  made  to  give  up  its  nitrogen  to  the 
living  plant.  To  other  compound  substances  of  animal  origin  the  same 
observation  may  apply,* — so  that  while  the  fact,  ibat  animal  manure  in 
a  slate  of  fermentation  is  very  beneficial  to  vegetation,  may  be  consid- 
ered as  rendering  it  highly  probable  that  the  ammonia  which  sucli 
manure  contains,  enters  directly  and  supplies  mucli  nitrogen  to  the 
growing  plants,  it  must  not  be  enrtrely  left  out  of  view  that,  in  nature,  a 
portion  of  tbe  nitrogen,  derived  from  animal  substances,  may  be  ob- 
taiued  immediately  from  other  compounds  in  which  ammonia  does  not 

To  what  arnaunt  ammonia  actually  enters  into  the  circulation  of 
plants,  or  how  much  of  the  nitrogen  ihey  contain  it  actually  supplies, 
we  have  no  means  of  ascertaining.  Were  it  abondaalJy  present  in  the 
soil,  its  great  solubility  would  enable  it  to  enter,  with  the  water  absorbed 
by  t!ie  roots,  in  almost  unlimited  quantity.  In  a  subsequent  section  we 
snallconsider  the  condiiionsunder  which  ammonia  is  produced  in  nature, 
the  comparative  abundance  in  which  it  exists  on  the  earth's  surface, 
and  the  extent  ol'  the  influence  it  may  be  supposed  to  exercise  on  the 
general  vegetation  of  the  globe. 

5  B.  Absorption  of  nitric  add  by  plants. 
1°.  That  ammonia  is  actually  present  in  the  juices  of  many  living 
vegetables  has  been  adduced,  as  a  kind  of  presumptive  evidence,  tfiat 
this  compound  is  directly  absorbed  by  plants.  A  similar  presumption 
is  offered  in  favour  of  the  direct  entrance  of  nitric  aeid,  by  its  invariable 
presence  in  combination  with  potash,  soda,  lime,  or  magnesia,  in  the 
juices  of  certain  common  and  well  known  plants.  Thaa  it  is  said  to  be 
always  contained  in  the  juices  of  the  tobacco  plant,  of  the  sunflower,  of 
the  soosefoot,t  and  of  common  borage.  The  nettle  is  also  said  to  con- 
tain It,  and  it  has  been  detected  in  the  grain  of  bariey.J  It  exists  pro- 
bably in  the  juices  of  maoy  other  plants  in  which  it  has  not  hitherto 

*  Tbiu  It  msf  be  spplled  more  etmnglr  to  the  AfprmrJe  ociU,  which  exiait  Id  the  urine  of 
the  horae,  mid  olber  lierbivoniiis  aiUmala.  Tlila  eeUt  decompoHi  nalnraily  Into  temoie 
aa4  itiHl  unmoDlL  Tba  iweet-Bcenled  veioal-msBtAnlhoroitikumOdtrraitimybyvrbich 
hej  is  inrromed,  onai  llH  agraeeble  odonr  (o  the  preaence  of  ehia  betuoic  add.  It  may, 
thererore,  be  anpposad  that,  where  cattle  and  hones  ftraze,  the  gnaflea  actually  alL^OTb  the 
h^mtric  acid  cootaioed  In  thenrlDe,  which  reachea  Ihoir  roDte,  docompoao  It  aa  it  asoopds 
wlin  the  sap,  appropriate  ila  nirrogen,  aiid  eihale  the  odoriferous  benzoic  acid. 

t  Chenopodium, 'pfoba.bly  in  all  the  species  oflliisgenirs, — Ste  LJebig,  p.  ^ 

Ibe  fcrmofnilrale  ofsoda.— iS&s.,ifj]>eniiir.      '  '  ,  -  i 


been  soughl  for.  Were  we,  therefore,  eDtiiled,  from  ihe  mere  presence 
of  (his  acid  in  plants,  to  infer  ihal  it  had  really  entered  by  their  roots  or 
leaves,  we  should  hawe  no  hesitation  in  drawing  our  conclusion.  But, 
like  ammonia,  ii  may  have  been  fonned  in  the  interior  of  the  living  ve- 
getable ;•  and  hence  the  fact  of  its  presence  proves  nothing  in  regard  lo 
the  slate  in  which  the  nitrogen  it  contains  entered  into  the  circulation  of 
the  plant. 

9°.  Bui  nitric  acid,  like  ammonia,  exerfs  a  powerful  influence  on  the 
grovf  ini;  crop,  whether  (if  corn  or  of  grass.  Animal  mailers,  as  we  have 
seen,  give  off  ammonia  during  their  decay,  and  manures  are  ricli  and 
efficacious  in  proportion  to  the  quantity  of  animal  manure  they  comain. 
The  crap  produced  also  is  valuable  and  rich  in  nitrogen  in  like  propor- 
tion. Therefore,  as  already  slated,  it  is  inferred  that  ammonia  enters 
directly  into  the  living  plant,  and  supplies  it  with  nitrogen. 

The  effect  of  nitric  acid  is  similar  in  kind,  and  perhaps  equal  in  de- 
gree. Applied  to  ihe  young  grass  or  sprouiing  shoots  of  grain,  it  has- 
tens and  increases  their  growth,  it  occasions  a  larger  produce  of  grain, 
and  this  grain,  as  when  ammonia  is  employed,  is  richer  in  gluten,  and 
more  nutritious  in  its  qualifv.f  An  equal  breadth  of  [he  same  field 
yields  a  heavier  produce,  and  that  produce,  weight  for  weight,  contains 
more  when  saltpetre  or  nilrate  of  soda  have  been  applied  in  cetlain 
quanfjiies  lo  ihe  young  plants  which  grow  open  it.  Il  is  reasonable  lo 
conclude,  therefore,  that  the  acid  of  the  nitrates,  in  some  form  or  other, 
I  St  matiiritf,  the  augar  beglne  to  diminish,  and  saltpetre  or 
ohBbly  Hi  the  expense  of  the  smtnonis  which  the  juice  pre- 
18,  Jiw.  dt  PhaT.,  X.,  p.  42. 

Ilea  J^etima  starch  In  g™l"'are8ho«-n^j  the'foliowfng  eiperimenla :  ^ 

'  Oliiten.  Sturoli.  Prodiire. 

Withonl  manure S>3  «6-7  3  fold. 

Willi  vegetaijls  manure  (roUed 

Vn±  pigBona'  3nng la-S  632  9    " 
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The  manures  employed  bj  Kermbstaedt  are  auppimd,  during  lermenlation,  M  evoir 
mure  amnionia  In  the  order  In  which  the;  are  here  placed,  beginning  at  Ihe  (op  of  the  list 

Mr.  H^ell  fonnd  in  flour  nused  on  two  palchea  of  (he  same  lonil  in  Oloncealerahh-e,  th< 
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ia  capable  of  entering  into  the  circalalion  of  living  planls — and  of  yield- 
ing to  them,  in  whole  oi  in  part,  the  nitrogen  they  contain. 

But  here,  again,  as  in  the  case  of  ammonia,  we  are  at  fault  in  regard 
to  the  quantity  of  nitrogen  which  plants  in  a  state  of  nature  aeiually 
derive  from  nitric  acid  or  the  nitrates.  The  compounds  of  this  acid  with 
polaah,  soda,  lime,  and  tnagnesia  (the  nitrates  of  tfese  substances),  are 
all  very  soluble  in  water.  The  quantity  of  this  fluid,  therefore,  which 
enters  by  the  roots  of  plants,  could  easily  convey  into  their  circulation 
far  more  of  (heae  nitrates  than  would  be  alone  sufficient  to  supply  the 
whole  of  the  nitrogen  they  require — for  the  formation  of  all  their  parts 
and  products.  But  so  it  might  of  ammonia  or  its  salts,  as  has  already 
been  shown.  I  shaO  hereafter  lay  before  you  certain  considerations 
whicJi  may  probably  lead  us  to  approximate  conclusions  in  regard  lo 
the  relative  influence  exercised  by  these  two  compounds  on  the  general 
Tegetation  of  (he  globe. 

Concbisions. — Respecting  tfco  form  in  which  nitrogen  eniers  into  the 
carculalion  of  planls,  we  have  therefore,  I  think,  fairly  arrived  at  these 
deductions : 

1°.  That,  the  nitrogen  of  (he  atmosphere  may,  to  a  small  extent,  enter 
directly  into  the  living  vegetable  either  in  the  form  of  gas  or  in  solution 
in  water,  but  that  supposing  nitrogen  to  be  in  this  way  appropriated'  by 
the  plant,  the  quantity  so  taken  up  could  form  only  a  small  quantity  of 
that  which  vegetables  actually  contain. 

2°.  That  ammonia  is  capable  of  entering  into  plants  in  very  large 
(|uantity,  and  of  yielding  nitrogen  lo  them, 'and  that  in  European  agri- 
culture, which  employs  fermenting  animal  manure  as  an  important 
means  of  promoting  vegetable  growth,  it  does  appear  to  yield  to  cultiva- 
ted plants  a  considerable  portion  of  the  nitrogen  they  contain. 

3°.  That  nitric  acid,  in  like  manner,  is  capable  of  entering  into  and 
^ving  up  its  nitrogen  to  plants ;  and  that  where  this  acid  is  employed  as 
an  instrument  of  culture,  the  crops  obtained  owe  part  of  their  nitrogen 
to  the  quantily  of  this  compound  which  has  been  applied  lo  the  grow- 
ing plants.  The  same  inference  may  fairly  be  drawn  in  regard  lo  the 
effect  of  nitric  acid — when,  in  the  form  of  nitrates,  it  exists  or  is  pro- 
duced naturally  in  the  soil. 

4°,  That  other  compound  bodies,  such  as  are  contained  in  urine,  or  are 
produced  during  the  decay  of  animal  matter,  may  also  enter  into  the 
circulation  of  plants,  and  yield  nitrogen  lo  pnamote  their  growth. 

On  the  whole,  however,  there  seem  strong  reasons  for  believing  that 
plants  are  mainly  dependent  on  ammonia  and  nitric  acid  for  the  niiro- 
gen  they  contain  ;  and  that  they  obtain  it  most'teadily,  and  with  least 
Zxbour,  so  to  speak,  from  these  compounds, — though  nature  has  liindly 
fitted  them  for  deriving  a  stinted  supply  from  other  sources,  when  these 
substances  are  not  present  in  suffleiert  abundance. 

How  far  each  of  these  compounds  is  employed  by  nature,  as  an  in- 
strument in  promoting  the  general  vegetation  of  the  globe,  will  be  con- 
sidered in  a  subsequent  lecture. 

•  Liebig  and  oltiers  any  llial  plants  are  tnagailt  of  appropriating  or  aaatmtlUlng  llifl  otlro 
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the  81cm-of  the  loaves— and  of  Ihe  bark— Oiicumstaoces  bj  whicH  Ihe  enercJse  gf  these 

Having  now  laken  a  general  view  of  the  source  from  whicb  plants 
derive  the  elementary  substances  of  which  their  solid  parts  consist,  and  of 
the  slates  of  combinalion  in  which  these  eiemeots  enter  into  the  vegeta- 
ble circulation, — the  neit  step  in  our  inquiry  is — how  are  these  substan- 
ces admitted  into  the  interior  of  living  plants — and  under  what  condi- 
tions or  regulations?  Wo  are  thus  led  to  study  the  structure  and  func- 
tions of  the  several  parts  of  plants,  and  ihe  circumstances  by  which  the 
exercise  of  these  functions  is  observed  to  be  modified. 

§  1,   General  structure  of  planU,  and  of  Ihetr  several  parts. 

Plants  consist  essentially  of  three  parts — the  roots,  the  stem,  and  the 
leaves.  Tlie  former  spread  themselves  in  various  diteeiions  through 
the  soil,  as  the  latter  do  through  the  air,  and  the  stem  is  dependent  for  its 
food  and  increase  on  the  rapidity  with  which  ihe  roots  shoot  out  and  ex- 
tend, and  on  the  number  and  luxuriance  of  the  leaves. 

We  shall  obtain  a  clearer  idea  of  the  relative  structure  of  these  several 
parts  by  first  directing  our  atlentbn  to  that  of  the  stem. 

The  stem  consists  apparently  of  four  parts — the  pith,  (he  wood,  the 
bark,  and  the  medullary  rays.  The  pith  and  the  medullary  rays,  how- 
ever, are  similarly  constituted,  and  are  only  prolongations  of  one  and 
the  same  substance.  The  pith  forms  a  solid  cylinder  of  soft  and  spongy 
matter,  which  ascends  through  the  central  part  of  the  stem,  and  vanes 
in  thickness  with  ihe  species  aad  with  the  age  of  the  trunk  or  brancJi. 
The  wood  surrounds  the  pith  in  the  form  of  a  hollow  cylinder,  and  is  itself 
covered  by  another  hollow  cylinder  of  bark.  In  trees  or  branches  of 
considerable  age  the  wood  consists  of  two  parts,  the  oldest  or  heart  wood, 
often  of  a  brownish  colour,  and  the  newer  external  wood  or  alburtvwm, 
which  ifl  generally  softer  and  less  dense  than  the  heart  wood.  The  bark 
also  is  easily  separated  into  two  portions,  the  inner  bark  or  liher,  and 
the  epidermis  or  outer  covering  of  the  tree.  The  pith  and  the  bark  are 
connected  together  by  thin  vertical  columns  ot  partitions,  which  inter- 
sect the  wood  and  divide  il  into  triangular  segments.  A  cross  section 
of  the  trunk  or  branch  of  a  tree  eshibits  these  thin  columns  emending 
in  the  form  of  rays,  or  like  the  spokes  of  a  wheel,  from  the  centre  to 
the  circumference.  Though  they  form  in  realiiy  thin  and  conlinuoos 
vertical  plates,  yet  from  the  appearance  thev  present  in  the  cross  sec- 
tion of  a  piece  of  wood,  they  are  distinguished  by  the  name  of  medulla- 
ry rays. 

These  several  parts  of  the  stem  are  composed  of  bundles  of  small 
lubes  or  hollow  cylindrical  vessels  of  various  size?,  and  of  different 
kinds,  the  structure  of  which  it  is  unnecessary  for  us  to  study.     They 
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are  all  infended  to  contain  liquitl  and  gaseous  substances,  and  to  convey 
them  in  a  vertical,  and  sometimes  in  a  horiziintal,  direction.  The 
lubes  whicii  cumpose  the  wood  and  hark  are  arranged  vertically,  as  may 
readily  be  seen  on  examining  a  piece  of  wood  even  with  the  naked  eye, 
and  are  intended  lo  convey  the  sap  upwards  to  the  leaves,  and  down- 
wards to  the  roots.  Those  of  which  the  pith  and  medullary  plates  con- 
sist are  arranged  horizontally,  and  appear  to  be  intended  to  maintaiti  a 
lateral  intercourse  between  the  pith  and  the  bark — perhaps  even  to  place 
the  heart  of  the  tree  within  the  influence  of  the  external  air. 

The  root,  though  prior  in  itM  origin  lo  the  stem,  may  nevertheless  for 
the  purpose  of  illustration  be  considered  as  its  downward  and  lateral 
prolongation  into  the  earth — as  the  branches  are  its  upward  prolonga- 
tion inin  the  air.*  When  they  leave  the  lower  pan  of  the  trunk  of  the 
tree,  they  differ  Utile  iu  their  internal  structure  from  the  stem  itself. 
As  they  taper  off,  however,  first  the  heart  wood,  then  the  pith,  gradual- 
ly disappear,  till,  towards  their  extremities,  ihcy  consist  only  of  a  soil 
central  woody  part  and  its  coveringof  soft  bark.  These  are  connected 
with,  or  are  respectively  prolongations-of,  ihe  new  wood  and  bark  of  the 
trunk  and  branches.  At  the  exireme  points  of  the  roots  the  bark  be- 
comes white,  soft,  spongy,  and  full  of  pores  and  vessels.  It  is  liy  these 
spongy  extremities  only,  or  ehiefly.xhat  liquid  and  gaseous  substances 
are  capable  either  of  entering  into,  or  of  making  tbeic  escape  from,  the 
interior  of  the  root. 

The  branches  and  twigs  are  extensions  of  the  trunk ;  and  of  the 
former,  the  leaves  may  be  considered  as  a  still  fnrther  extension.  The 
fibres  of  the  leaf  are  minute  rami  tic  aliens  of  the  woody  matter  of  the 
twigs,  are  connected  through  them  with  the  wood  of  the  branches  and 
Blems,  and  from  this  wood  receive  the  sap  which  they  contain,     Tlie 

freen  part  of  the  leaf  may  be  considered  as  a  special  eKpansion  of  the 
ark,  by  which  it  is  fitted  to  act  upon  the  air,  in  the  same  way  as  the 
spongy  mass  into  which  the  bark  is  changed  at  the  extremity  of  the  ro(H, 
is  filled  to  act  upon  the  water  nn^  other  substances  it  meets  with  in  the 
ioil.  For  as  the  fibres  of  the  leaf  are  connected  with  the  wood  of  the 
Blem,  so  the  green  part  of  the  leaf  is  connected  wiih  its  bark,  and  from 
this  »{reen  part  the  sap  first  begins  to  descend  towards  the  root. 

1 2.   The  functions  of  ihe  root. 
The  position  in  which  the  roots  of  plants  in  their  natuial  state  are  ge- 
nerally placed,  has  hitherto  prevented  their  functions  from  being  so  ac- 
curately investigated  as  those  of  the  leaves  and  of  the  stem.     Whil", 
therefore,  the  main  purjioses  they  are  intended  to  serve  are  universally 

*  The  cnrrectness  orthia  comparlEOD  Is  proved  bj  Ilie  fact  I 
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Known  and  understood,  the  precise  way  in  which  these  ends  are  accom- 
plished by  the  roots,  and  the  powers  with  which  they  are  invested,  are 
slill  to  a  considerable  degree  matters  of  dispute. 

I.  It  appears  certain  that  they  are  possessed  of  the  power  of  absorb- 
ing water  in  large  quantity  from  the  soil,  and  of  transmitting  it  upwards 
to  the  stem.  The  a.niount  of  water  thus  absorbed  depends  greatly  upon 
the  nature  of  the  soil  and  of  the  climate  in  which  a  plant  grows,  but 
niueh  also  upon  the  specific  structure  of  its  leaves  and  the  extent  of  its 

II.  The  analogy  of  the  leaves  and  young  twigs  would  lead  us  to 
suppose  thai,  when  in  a  proper  state  of  moisture,  the  roots  should 
also  be  capable  of  absorbing  gaseous  substances  from  ihe  air  which 
pervades  the  soil.  Experiment,  however,  has  not  yet  shown  this  to  be 
the  case. 

We  know,  however,  that  they  are  capable  of  absorbing  gases  through 
the  medium  of  wjter.  For  if  ihe  roots  of  a  plant  aic  placed  Iri  water 
containing  carbonic  acid  in  the  state  of  solution,  this  gas  is  found  gradu- 
ally to  disappear.  It  is  eKiracted  from  the  water  by  the  roots.  Atid  if 
tho  water  in  ivhich  the  roots  are  immersed  be  contained  in  a  bottle  only 
partially  filled  with  the  liquid,  while  the  remainder  is  occupied  by  at- 
mospheric air,  the  oxygen  in  this  air  will  also  slowly  diminish.  Il  wil! 
be  absorbed  by  the  roots  through  the  medium  of  the  water.* 

Again,  if  in  the  place  of  the  aimospherie  air  in  this  bottle,  carbonic 
acid  be  subsiitnled,  the  plant  will  droop  and  in  a  few  days  will  die.  The 
same  will  lake  place,  if  instead  of  common  air  or  carbonic  acid,  nitro- 
gen or  hydrogen  gases  be  introduced  into  the  boiile.  The  plant  will  not 
live  when  its  roots  are  exposed  to  the  sole  action  of  any  of  the  three. 

It  is  obvious,  therefore,  that  the  roots  of  plants  absorb  gaseous  sub- 
stances from  tiie  air  which  surrounds  their  roots,  at  least  indirectly  and 
through  the  medium  of  water.  It  appears  also  that  from  this  air  they 
have  the  power  of  selecting  a  certain  portion  of  oxygen  when  this  gas  la 
present  in  it.  Thirdly,  that  though  they  can  absorb  carbonic  acid  to  a. 
limited  amount  without  injury  to  the  plant,  yet  that  a  copious  supply  of 
this  gas,  utiinlKcd  with  oxygen,  is  fatal  to  vegetable  life.  This  deduction 
is  confirmed  by  ihe  fact  that,  in  locaUlies  where  carbonic  acid  ascends 
through  fissures  in  the  subjacent  rocks  and  saturates  the  soil,  the  growth 
of  grass  is  found  to  bs  very  much  retarded.  And,  lastly,  since  nitrogen 
is  believed  not  to  be  in  itself  noxious  to  vegetable  life,  the  death  of  the 
plant  in  water  surrounded  by  this  gas,  is  supjwsedio  imply  that  the  pre- 
sence of  oxygen  is  necessary  about  the  roots  of  a  growing  and  healthy 
plant,  and  thai  one  of  the  s]ieoial  funciions  of  llie  roots  is  constantly  to 
absorb  this  oxygen. 

This  supposition  is-in  accordance  with  the  fact  that,  in  the  dark,  the 
leaves  of  plants  absorb  oxygen  from  the  atmosphere;  for  we  have  al- 
ready seen  reason  to  expect  ihal.  from  their  analogous  strueiure,  the  roots 
nnd  leaves  in  similar  circumstances  should  perform  also  analogous  func- 
tions.    At  ihesametlme,  if  the  roots  do  require  llie  access  ~    

'  It  wilt  be  ncollEctEd  lliat  water  abaorbs  abaul  i  per  cent,  of  Ms  bmii  of 
mosphere,  of  which  aboui  pne-ltiirJ  n  oiygen.    If  rte  roots  ejlracl  this 
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of  oxygen  id  the  soil,  ii  would  furlher  appear  that  those  of  some  plaEts 
retiuire  i(  more  dian  those  of  others ;  inasmuch  as  some  genera,  like  tlie 
grasses,  love  an  open  and  friable  soil,  inio  which  ihe  air  is  more  com- 
plelely  excluded.— [Sprengel,  Chemie,  II..  p.  337.] 

III.  We  have  in  a  former  lecture  (IV.  p.  64)  concluded  from  facts 
there  stated,  that  solid  substances,  which  are  soluble,  in  water,  accom- 
pany ihia  ii(|uid  when  it  eniera  into  the  circulation  of  the  plant.  This 
appears  to  be  true  both  of  organic  and  inorganic  substances.  Potash, 
Boda,  lime,  and  magnesia  thus  find  their  way  into  the  interior  of  plants, 
as  well  as  those  substances  of  animal  and  vegetable  origin  lo  which  the 
observations  made  in  the  fourth  lecture  were  intended  more  especially  lo 
apply.  Even  silica.'  considered  to  be  almost  insoluble  in  water,  enters 
by  the  roots,  and  is  found  in  some  cases  in  considerable  quantities  in  the 
stem.  Some  persons  have  hence  been  led  to  conclude  that  solid  sub- 
stances, undissolved,  if  in  a  minute  slate  of  division,  maybe  drawn  into 
the  pores  of  the  root  and  may  then  be  carried  by  the  sap  upwards  to  the 

Considered  as  a  mere  question  of  vegetable  mechanics,  argued  as  such 
among  physiologists,  it  is  of  little  moment  whether  we  adopt  or  reject 
Ihis  opinion.  One  physiologist  may  stale  that  the  pores  by  which  the 
ibod  enters  into  the  roots  are  so  minute  as  tobafQe  the  powers  of  the  best 
constructed  inicroscnpe,  and,  therefore,  that  Co  no  panicles  of  solid  mat- 
ter can  they  by  possibility  give  admission — while  another  may  believe 
solid  matter  lo  be  capable  of  a  mechanical  division  so  minute  as  to  pass 
through  the  pores  of  the  finest  membrane.  As  lo  the  mere  fact  itself,  it 
nialters  not  which  is  right,  or  which  of  the  two  we  follow.  The  adoption 
of  the  latter  opinion  implies  in  itself  merely  thai  foreign  substances, 
unnecessary,  perhaps  injurious  to  vegetable  life,  may  be  carried  forwani 
by  the  flowing  juices  until  in  some  still  part  of  the  current,  or  in  some 
narrower  vessel,  they  are  arrested  and  there  permanently  lodged  in  the 
solid  substance  of  the  plant. 

By  inference,  however,  the  adoption  of  this  opinion  implies  also,  that 
the  inorganic  substances  found  in  jilanls, — those  which  remain  in  ihn 
form  of  ash  when  the  plant  is  burned, — are  accidental  on\y,  aplesaenlial 
to  its  constitution.  For  since  tiiey  may  have  been  introduced  in  a  mere 
.  state  of  minute  Jnechanical  division  suspended  in  the  sap,  they  ought  to 
consist  ofsucli  substances  chlelly  as  the  soil  contains  in  the  greatest 
abundance,  and  they  ought  to  vary  in  kind  and  relative  quantity  with 
every  variation  in  the  soil.  In  a  c'ay  land  tlie  ash  should  consist  chiefly 
of  alumina, f  in  a  sandy  soil  chiefly  of  silica.  But  if,  as  chemical  in- 
quiry appears  to  indicate,  the  nature  of  the  ash  is  not  accidental,  but  es- 
sential, and  in  some  decree  constant,  even  in  very  different  soils,  this 
latter  inference  is  inadmissible ; — and  in  reasoning  backwards  fmm  this 
fact,  we  find  ourselves  constrained  to  reject  the  opinion  that  substances 
are  capable  of  entering  info  the  roots  of  iilants  in  a  solid  state — and  this 
witiiout  reference  at  alt  to  the  mechanical  question,  as  (o  the  relative  size 
of  the  pores  of  the  spongy  roots  or  of  iho  jiarticles  into  which  solid  mat- 
ter may  be  divided. 
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IV.  We  are  thuB  brought  lo  ihe  consideration  of  the  alleged  selecting 
power  of  the  roots,  which,  if  rightly  aliributed  to  them,  must  be  con- 
sidered as  one  of  the  most  important  fanclioas  of  which  they  are  pos- 
eessed.  It  is  a  function,  however,  the  esiatence  of  which  is  disputed  by 
many  eminent  physiologists.  But  as  the  adoption  or  rejection  of  it  will 
materially  influence  our  reasonings,  as  well  as  our  theoretical  views,  ic 
regard  to  some  of  the  most  vital  processes  of  vcgeiation, — it  will  be  pro- 
pet  to  weigh  carefully  the  evidence  on  which  this  jjower  is  assigned  ta 
the  roois  of  plants. 

1°.  The  leaves,  as  we  shall  hereafter  see,  possess  in  a  high  degree 
the  power  of  selecting  from  the  atmosphere  one  or  more  gaseous  sub- 
etances,  leaving  the  nitrogen,  chiefly,  unchanged  in  bulk.  The  absorp 
tioQ  of  carbonic  acid  and  the  diminution  of  the  oxygen  in  the  expert 
menis  above  described,  appear  lo  be  analogous  eSects,  and  would  seem 
to  imply  in  the  roots  the  cKislence  of  a  similar  power. 

2°.  Dr.  Daubeny  found  that  pelargoniums,  barley  (hordeum  wUgare), 
aod  the  wloged  pea  {lolus  tetragonolobus),  though  made  to  grow  in  a 
soil  containing  much  strouiia,*  appeared  (o  absorb  none  of  this  earth,  fbi 
none  was  found  in  the  ash  left  by  the  stem  and  roots  of  the  plant  when 
.burned.  In  like  manner  De  Saussure  observed  that  polygonum  persi- 
caria  refused  to  absorb  acetate  of  lime  from  the  soil,  though  it  freely  took 
upcommon  salt. —  [Lindley's  Theory  of  Hordcidlure,  p.  19.] 

3°.  Plants  of  (lirterent  species,  growing  in  the  same  soil,  leave,  when 
burned,  an  ash  wliich  in  every  case  contains  either  (NSerent  substances, 
ar  the  same  substances  in  unlike  proportions.  Thus  if  a  bean  and  a 
grain  of  wheat  be  grown  side  by  side,  the  stem  of  the  plant  from  the  lat- 
ter seed  wi!l  be  found  to  contain  silica,  from  the  former  noiie.f 
■  4°.  But  the  same  plant  grown  in  soils  unlike  in  character  and  com- 
position, contains  always — if  they  are  present  \a  the  soil  at  all — very 
nearly  the  same  kindt  of  earthy  mailers  in  nearly  the  same  proportion. 
Thus  the  stalks  of  corn  p!ants,ortliegra3se8,of  ihebaniboo,andof  many 
others,  always  contain  silica,  in  whatever  soi£  they  grow,  or  at  least  are 
capable  of  growing  with  any  degree  of  luxuriance. 

With  the  view  of  testing  litis  poifit,  Lampadius  prepared  five  square 
Batches  of  ground,  manured  them  with  equal  quantities  of  a  rolxmre  of 
horse  and  cow  dung,  sowed  them  wiih  equal  measures  of  the  same 
■wlieat,  and  on  four  of  liiese  patches  strewed  respectively  five  pounds  of 
finely  powdered  quariz  (siliceous  sand),  of  chalk,  of  alumina,  and  of 
carbonate  of  magnesia,  and  left  one  undressed.  The  produce  of  seed 
from  each,  in  the  above  order,  weighed  241, 28j,  264,21  J,  and  20  ounces 
respectively.  The  grain,  chafl^,  and  straw,  from  each  of  the  patches 
left  nearly  the  same  quanlily  of  ash— the  weights  var^inj;  only  from  3-7 
to  4'08  per  cent.,  and  the  roots  and  chaff  being  richest  in  inorganic' mat- 
ter.    The  relative  proportions  of  silica,  alumina,  lime,  and  magnesia, 

bUnglime.  which  Is  found  in  eeriain  roclts  and  mineral  veins,  lim  which  \aa  not  hilheno  been 
obaeireil  ta  the  nBllea  of  plants. 
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were  Ae  same  in  a(;.~[Meyen  JakrsshericU,  1839,  p.  1.]  Provicjei], 
therefore,  ihe  substances  which  plants  prefer  be  present  in  iho  soil,  the 
fcind  of  inorgatiic  matter  they  take  up,  or  of  ash  they  leave,  is  not  mate- 
rially  affected  by  the  presence  of  other  substances,  even  in  somewhat 
larger  quaatity. 

TJiese  facts  all  pmm  to  the  same  conclusion,  that  the  roots  have  tiie 
power  of  selecting  from  the  soil  in  which  they  grow,  those  substances 
which  are  best  fitted  to  promote  the  growth  or  lo  maintain  the  healthy 
conilition  of  the  plants  they  are  destined  lo  feed. 

5°.  It  has  been  stated  above  that  the  roots  of  certain  plants  refuse  to 
absorb  nitrate  of  atronlia  and  acatale  of  lime,  though  presented  to  them 
in  a  sfaie  of  solution — the  same  is  true  nf  certain  coloured  solutions  whinh 
liave  been  found  incapable  of  finding  their  way  into  the  cironlalion  of 
plants  whpse  roots  have  been  immersed  in  them.  On  the  other  band, 
it  is  a  matter  of  frequent  observation  that  the  roots  absorb  solutions  cou- 
tsining  substanceswhieh  speedily  cause  the  death  of  the  plant.  Arsenic, 
opium,  salts  of  iron,  of  lead,  and  of  copper,  and  many  other  substances, 
are  capable  oT  being  absorhsd  in  quantities  which  prove  injurious  to  (he 
living  vegetable— and  on  this  ground  chiefly  many  physiologists  refuse  to 
acknowledge  that  the  roots  of  plants  are  by  nature  endowed  with  any 
definite  and  constant  power  of  selection  at  all.  But  this  ar^nunenl  is  of 
equal  force  agiunstlhe  possession  of  such  a  power  by  animals  or  even  by 
man  himself;  since,  with  our  more  perfect  discriminating  powers,  aide<i 
by  OUT  reason  loo,  we  every  day  swallow  with  our  food  what  is  more  or 
Jess  injurious,  and  occasionally  even  fatal,  lo  human  life." 

On  the  whole,  therefore,  it  appears  most  reasonable  to  eoneiude  that 
the  roots  are  so  constituted  as  (1°)  lo  be  able  generally  lo  select  from  the 
soil,  in  pj-eferenee,  those  substances  which  ace  most  suitable  (o  the  nature 
of  the  plant— -(2°)  where  these  are  not  lo  be  met  with,  lo  admit  certain 
others  in  their  sieadf — (3°)  to  refuse  admission  oiso  to  certain  sobsiari- 
ces  likely  to  injure  the  plant,  though  unable  to  discriminate  and  reject 
every  thing  hurtful  or  unbenefieial  which  may  be  presented  to  them  in 

The  object  of  nature,  indeed,  seems  to  be  lo  guard  the  plant  against 
the  more  comrtKin  and  usual  dangers  only — not  agaiaslsuch  as  rarely 
present  themselves  in  the  situations  in  which  it  is  destined  to  gT'ow,  or 
against  substances  which  are  unlikely  even  lo  demand  admisston  into  its 
roots.  How  useless  a  waste  of  skill,  if  I  may  so  sireak,  would  it  have 
been  to  endow  the  roots  of  each  plant  wilh  Ihe  power  of  distinguishing 
and  rejecting  opium  and  arsenic  and  Ihe  thousand  other  poisonous  sub- 
stances which  the  physiologist  can  present  to  ihem,  but  which  in  a  slate 
of  nature^-on  its  natural  soil  and  in  its  natural  climale — the  living  vege- 
table is  never  destined  lo  encounter .' 

■  I  may  here  remark  thatitistiy  no  means  nn  eiltnordJn»i7  powerwhloh  Uieae  cireum- 

hwi  ciubniuc  adA,  in  equal  ifaanljtlBa,  vnter  will  pmt^  uiil  wlU  select  Ihe  lullcr.  Fmia  a 
mt?frure  DrilmDandmienaai4,  acalic  orBitlphurtcBcM  ^tJU  o^leclaad  pppBralaihefantierr 
IdllanreannnablatD  puppoas  the  roolaof  plenlB— Iha  or^aDB  nfalFvInf  being — Lobesodp^cij 
tvilli  powers  etdidciiLaaiadoi]  at  leant  aa  great  as  IhoBS  poitseBsed  by  Head  lULUterf 
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V.  Another  function  of  the  roots  of  plants,  in  regard  to  which  physiol- 
o^3ts  are  divided  ia  opinion  at  llie  present  day,  is  what  is  called  their 
excretory  power. 

1°.  when  barley  or  other  grain  ia  caused  to  germinate  in  pure  chalk, 
acetate  of  hme*  is  uniformly  found  to  be  mixed  with  it  after  the  germi- 
nation is  somewhat  advanced  (Becquerel  and  Mateucci,  Ann.  deChan. 
et  de  Pkys.,  Iv.,  p.  310.)  In  this  case  the  acetic  acid  must  have  been  given 
off  (excreted)  by  the  young  roots  during  the  germination  of  the  seed. 

This  fact  liiay  be  considered  as  the  foundation  of  the  excretory  theory 
as  it  is  called.  This  theory,  supported  by  the  high  authority  of  Decan- 
dolle,  and  illustrated  by  the  apparently  convincing  experiments  of  Ma- 
eaire,  {Ann.  de  Ckim.elde  Pkys.,lii.,  p.  225,)  has  more  recently  been  met 
by  counter-experiments  of  Braconaol,  (Ixxii.  p.  27,)  and  is  now  in  a  great 
measure,  rejected  by  many  emiaenl  vegetable  phj^siologists.  It  may  in- 
deed be  considered  as  quite  certain  that  the  application  of  this  theory  by 
Decandolle  and  others  to  the  explanation  of  the  benefits  arising  from  a 
rotation  of  crops,  is  not  confirmed,  or  proved  to  be  cocrecl,  by  any  exper- 
iments on  the  subject  that  have  hitherto  been  published, f 

According  lo  Decandolle,  plants,  like  animals,  have  the  power  of  se- 
lecting from  their  food,  as  it  passes  through  their  vascular  system,  such 
portions  as  are  likely  to  nourish  them,  and  of  rejecting,  by  their  roots, 

)  Tbs  dlacordBiit  lesulla  ofMiicBtre  and  BmoDnnoi  were  ai  follon  : 
19.  Uacatre  abserved  that  when  p\«nlii  ol  Chitndnifa  Muraiia^Gteeco^fm  in  rain  water 
(hey  Irttpaitfld  to  It  SDmathlng  of  ttie  aueU  and  laateof  opLum-    Braoonnol  contlrined  Ihia. 
but  AtlrLDUled  it  U>  wourulH  la  the  roots  which  allowed  the  proper  juice  of  the  plant  to  escaped 
■'    ■  ■■■  tofreethojoungrooislniailliesoulowhlchineyhaiegrown, 

lulDE  Uie  eap  Id  eiude. 

If  f^iir»B)  i^mpaned  to  the  waler  In  which  it  jrcw  a  gummi- 
'     ■     ■      ■    of  Braconoot  it  jieided  to  (lie  watec 


>.  EapiariHi  Pepfui  (Peliy  ^urae)  impaned  to 


scarcfdyaDy  oi^nlc  matter,  and  lliat  only  alfahL.^  ,.,-^ 

d^.  Bracojioot  washed  IhoaolUa  which  p&nla  of  jSuj^^orAi'a  Brenmand  Asctepias  Incai-- 
^nata  werecrovrias  In  pots,  aod  oblaioad  a  aoliuton  aonlaiatn£  earthy  and  aUraltoe  sails  with 

yeara  suooe^yply.  Tlie  solnlleD,  bes]<Ies  ^organic  earthy  ana  alkaline  balls,  gave  a  coaaid- 
emtilBqiianlilyofacencaMdOolhe  form  of  acetate  of  lime)  and  a  trace  of  brown  oigiinio 
matter.  He  Infen  that  these  bsvcibI  pUMe  do  not  excvele  any  oi^anic  matter  m  SBfflcient 
quanllly  to  bs  iDjmJoua  to  themaelree, 

1°.  Maealn  obaarred  Ihatwfaea  separate  pojlionaof  the  roots  of  the  same  plant  otMerat- 
riaUt  Anma  wore  Immened  hi  sepeJate  vessels,  the  one  containinx  pure  water  and  the 

lis  traced  In  every  pan  of  It,  and  afterwards  was  pailially  tcaasmiUed  lo  liis  pore  water.    Bra- 

Dflha  olhcr,aadltuit,by  pretendnglheposslbp!  of  this  passage,  no  lead  could  bo  detected 
amonj  the  pure  water. 

The  eoncluBiona  of  Macalre,  Uierefore,  In  laionr  of  the  rolaUon  theory  of  Decandolle 
most  be  con^dsred  as  at  present  InadmisEllile,  and  we  shall  hereafbir  see  reason  lo  enlh- 

(of  araaiUc  matter)  really  lake  place  In  Hie  natnial  itate  af  the  ^anl,  th^  are  as  yet  aa  ot^ 
acure  end  bq  IttUe  Imewn  aa  to  jnsltty  the  preaumptlon  that  enme  ether  eiplanation  ^mntt 
be  given  of  theeeneral  syatem  otrotsUon."  Various  iHiutntions  have  beea  given  by  differ- 
ent obaervere  of  this  supposed  exTelUig  power  ofthe  icMla.  Among  the  most  resent  are 
those  orjneftiar,  nlia  Bserihes  the  lusuiaot  rye  smpa  obtained  iriihoat  manure  after  llires 

beu  to  the  wheat,  he  suppoaea  'o  l>e  nomiahing  food  to  the  rye.'  He  also  states  that  the 
beet  or  the  lumlp  after  labaecnhas  an  uapleaauil  (aate,  mid  iaacarcely  eatahte,  which  lie 

(he  green  manure  sopplied  byilaroote  and  stubble  and  that  oftbetoliaccolo  the  luuleoom- 
tliuitiey  embody  only  half  the  IrnUi, 
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when  ihe  sap  desceniJs,  such  as  are  unfit  to  contribute  to  their  suiiport, 
ar  would  be  hurlful  to  them  if  nol  rejected  from  their  system.  He  further 
supposes  tbat,  after  a  time,  ilie  soil  in  ivhich  a  certain  kind  of  plant 
grows  becomes  so  loaded  with  this  rejected  matter,  (hat  the  same  plant 
refuses  any  longer  to  flourish  in  it.  And,  thirdly,  that  though  injurious 
(o  the  plant  from  which  il  has  been  derived,  this  rejected  matrer  may  lie 
wholesome  Ibod  to  plants  of  a  diflereut  order,  and  hence  the  advantage  to 
be  derived  from  a  rotation  of  crops. 

There  seems  no  good  reason  to  doubt  that  the  roots  of  plants  do  at 
times — it  may  be  constantly — reject  organic  aubaiances  from  their  roots. 
The  acetic  acid  given  off  during  germination,  and  the  same  acid  found 
by  Braconnot  in  remarkable  qttantity  in  the  soil  in  which  the  poppy 
(papaver  somnifenmi)  has  grown — may  be  regarded  as  sufficient  evi- 
dence of  the  feci — but  the  ([uantily  of  such  organic  mailer  hitherto  de- 
tected among  what  may  be  safely  viewed  as  the  real  excretions  of  plants, 
seems  by  far  too  small  to  account  for  the  remarkable  natural  results  at- 
tendant upon  a  rotation  of  crops. 

The  consideration  of  these  results,  as  well  as  of  the  general  theory  of 
such  arotation,  will  form  a  distinct  topic  of  consideration  in  asubseijiienl 
part  of  these  lectures.  I  shall,  therefore,  only  mention  one  or  two  facts 
which  seem  to  me  capable  of  explanation  only  on  the  supposition  that 
the  toots  of  plants  are  endowed  with  the  power  of  rejecling,  and  (hat 
they  do  constantly  reject,  when  the  sap  returns  from  the  leaf,  some  of 
the  substances  which  they  had  previously  taken  up  from  the  soil. 

1°.  De  Saussure  made  numetous  experimenls  on  the  quantity  of  ash 
pe  cent,  lef^  by  the  same  plant  at  diflereut  periods  of  its  growth.  Among 
other  results  obtained  by  him,  it  appeared — 

A.  That  the  <|uantity  of  incombustible  or  inorganic  mailer  in  the  dif- 
ferent parts  of  the  plant  was  different  al  diflereut  periods  of  ihe  year. 
Thus  the  dry  leaves  of  the  horse  chestnut,  gathered  In  May,  left  7-2  per 
cent.,  towards  the  end  of  July  3*4  per  cent.,  and  in  the  end  of  Septem- 
ber 8-6  percent,  of  ash;  the  dry  leaves  of  the  hazel  in-  June  left  6 -a, 
and  in  September  7  i>er  cent. ;  and  those  of  the  poplar  (populus  nigra) 
in  May  6'6,  and  in  Seplember  9-3  per  cent,  of  ash.  These  results  are 
easily  explained  on  the  supposition  that  ihe  roots  continued  lo  absorb 
and  send  up  to  the  leaves  during  the  whole  summer  the  saline  and 
earthy  substances  of  which  the  ash  consisted.     But— 

3.  £te  observed  also  that  the  quantity  of  the  inorganic  substances  in 
— or  (he  ash  left  by — the  entire  plant,  diminished  as  it  approached  to 
maturity.  Thus  the  dry  plants  of  the  vetch,  of  the  golden  rod  {solida^ 
go  vutgaris),  of  ihe  turnsol  [helianfhjis  annuiis),  and  of  wheal,  left  res- 
pectively of  ash,  at  three  different  periods  of  their  growth,  [Davy's 
AgricuUuTal  Chemistry,  Lecture  III,] — 

Befiire  flnwertng.         In  flower  Seeds  ripe. 

"Vetch 15  13-3  6'6 

Golden  rod     .     .     .       9-2  5-7  50 

Turnsol     ....     14-7  13-7  9-3 

Wheat      ....       7'9  5-i  3-3 

This  diminution  in  the  proportion  of  ash,  might  arise  either  from  an 
'n  the  absolute  quantity  of  vegetable  matter  in  the  plants  ac- 
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eompanying  iheir  increase  in  size— or  from  a  portion  of  the  saline  and 
earthy  matters  thev  contained  being  again  rejected  by  the  roots.  But 
if  the  former  he  ihe  true  explanalion,  ihe  relative  proportiont  of  the 
several  substances  of  which  the  ash  itself  consisted,  in  the  several  cases,- 
should  have  been  the  same  at  (he  several  periods  when  ihe  experiments 
were  made.  But  this  was  by  no  means  the  case.  Thus,  to  refer  only 
to  the  quantity  of  silica  contained  in  the  ash  left  by  each  of  ihe  above 
plants  at  the  several  stages  of  their  growth,  the  ashes  of  the 

Vetch  contained    ...       1'5  1'5  1-75 

Golden  rod 1-5  I'S  3-5 

Tumsol 1-5  1-5  3-75 

Wheat 12-5  26-0  51-0 

If,  then,  the  proportion  of  silica  in  the  ash  increased  in  some  cases 
four-fold,  while  the  whole  quantity  of  ash  left  by  the  plant  decreased,  it 
appears  evideot  ihat  some  part  of  that  which  existed  in  the  plant  during 
the  earlier  periods  of  its  growth  must  have  bee.i  excreted  or  rejected  by 
the  roots,  as  it  advanced  towards  raaturity. 

2°.  This  conclusion  is  confirmed  and  carried  farther  by  another  con- 
sideration. The  quantity  of  ash  left  by  the  ripe  wheat  plant,  in  the 
above  experiments  of  De  Saussure,  amounted  to  3-3  per  cent.  ;~of 
which  ash,  51  percent.,  or  rather  «iore  than  one-half,  was  silica.  This 
silica,  it  is  believed,  could  only  have  entered  into  the  circulation  of  the 
plant  in  a  slate  of  solution  in  water,  and  could  only  be  dissolved  by  the 
agency  of  potash  or  soda.  But,  according  to  Sprengel,  the  potash,  soda, 
and  silica,  are  to  each  other  in  the  grain  and  straw  of  wlieat,  in  the  pro- 
portions of — 

Grain     ....     0-225  0-24  0-4 

Straw    ....     0-30  0-29  2-87 

Or,  supposing  the  grain  to  equal  one-half  the  weight  of  the  straw — 
their  relative  proportions  in  the  whole  plant  will  be  nearly  as  21  potash, 
27  soda,  205  silica,  or  the  weight  of  the  silica  is  upwards  of  four  limes 
the  weights  of  the  potash  and  soda  taken  together. 

Now  silica  requires  nearly  half  its  weight  of  potash  to  render  it  solu- 
ble in  water,*  or  three-fifths  of  its  weight  of  a  mixture  of  nearly  equal 
parts  of  potash  and  soda.  The  quantity  of  these  alkaline  substances 
foraid  in  the  plant,  therefore,  is  by  no  means  sufficient  to  have  dissolved 
tind  brought  into  its  circulation  the  whole  of  the  silica  it  contains.  One 
of  two  things,  therefore,  must  have  taken  place.  Either  a  portion  of 
the  potash  and  soda  present  in  the  plant  in  the  earlier  stages  of  its 
growth  must  have  escaped  from  iis  roots  at  a  later  siage,f  leaving  the 
silica  behind  it — or  the  same  quantity  of  alkali  must  have  circulated 
through  the  plant  several  linies^-b  ringing  in  iia  burden  of  silica,  deposil- 


'lunale  ofpatadii,  ISorsilicd,  and  1  afcharcna]  powi 


!lRieorm!uiyplgiil3,  Ihsl  the  polashanrl  sorfaUify 
igc  Inctefiaes.    Thus  ihe  vteiBhc  of  polish  in  Ihe  ji 
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ins  it  in  tlie  vascular  system  of  the  plant,  and  again  returning  to  the 
so^  for  a  fresh  supply.  In  either  case  the  roots  must  have  allowed  it 
egress  as  well  as  ingress.  But  tlie  fact,  that  the  jiTO^iiion  of  silica  in 
the  plant  goes  on  increasing  as  it  continues  to  grow,  is  in  favour  of  the 
latter  view — and  renders  it  very  probable  that  the  same  quantity  of  al- 
kali returns  again  and  again  into  the  circulation,  bringing  with  it  sup- 
plies of  silica  and  probably  of  other  substances  which  the  plant  requites 
from  the  soil.  And  while  this  view  appears  to  be  the  more  probable,  it 
also  presents  an  interesting  illustration  of  what  may  probably  be  the 
kind  of  function  discharged  by  the  potash  and  other  inorganic  substances 
found  in  the  substance  of  plants — a  question  we  shall  hereafter  have  oc- 
casion to  consider  at  some  length. 

The  above  consideraiLons,  therefore,  to  which  I  might  add  others  of  a 
similar  kind,  satisfy  me  that  the  roots  of  plants  do  ^ssess  the  power  of 
excreting  various  substances  which  are  held  in  solution  by  the  sap  on  iis 
return  from  the  stem — and  which  having  performed  their  functions  in 
the  interior  of  the  plant  are  no  longer  fitted,  in  their  existing  condition. 
10  minister  to  its  susienaace  or  growth.  Nor  is  it  likely  that  this  excre- 
tory  power  is  resiricled  solely  to  the  emission  of  inorganic  substai 
Other  soluble  matters  of  organic  origin  are,  no  doubt,  permitted  K 
cape  into  the  soil — though  whether  of.such  a  kind  aa  must  ne 
be  injurious  to  the  plant  from  which  they  have  been  extruded,  c 
a  degree  as  alofte  to  render  a  rotation  of  crops  necessary,  neither  rt 
ing  nor  experiment  has  hitherto  satisfaclorily  shown. 

Vl.  The  roots  have  the  power  of  absorbing,  and  in  some  measi 
selecting,  food  from  the  soil — can  ihey  also  modify  or  alter  it  as  it  passes 
through  ihem?  A  colourless  sap  is  observed  to  ascend  thraugh  the 
roots.  From  the  very  extremity  up  to  the  fool  of  the  Stem  a  cross  sec- 
tion exhibits  little  trace  of  colouritig  mailer,  even  when  the  soil  contains 
animal  and  vegetable  substances  which  are  soluble,  and  which  give  dark 
coloured  solutions,  [such  as  the  liquid  manure  of  the  fold -yard.]  Does 
suchmatterneverenier  the  root?  If  it  does,  it  must  be  speedily  changed 
or  transformed  into  new  compounds. 

We  have  as  yet  too  few  experiments  upon  this  subject  to  enable  us  to 
decide  with  any  degree  of  certainty  in  regard  to  this  function  of  ihe  root. 

It  is  probable,  however,  that  as  the  sap  passes  through  the  plant,  it  is 
conslaniiy,  though  gradually,  undergoing  a  series  of  changes,  from  the 
lime  when  it  first  eniers  the  root  lili  it  again  reaches  it  on  iis  return  from 
(he  leaf. 

Can  we  conceive  the  existence  of  any  powers  in  the  root,  or  in   Ihe 


0  ihe  soil, — does  liiis  acetic  acid  dissolve  lime  from  ibe 
soil  and  return  with  it  again,  as  some  suppose  (Liebig),  into  die  circula- 
(ion  of  the  plant?'  Is  acetic  acid  produced  and  excreted  by  the  seed 
fiir  this  very  refined  purpose!  We  have  concluded  that  in  the  wheal 
)ilaut  the  potash  and  soda  prabably  go  and  come  several  limes  during  its 
growth,  and  ihe  ripening  of  its  seed.     Is  this  a  contrivance  of  nature  ^o 

Difinta  upon  mercurialis  annuo,  [itm.  ds  Chim.  el  de  Phya.  Lisii.  'p.  36,)  aiid  es  Sgussuro 
(wall  Ihat  some  planU  sclimll;  refusod  to  lake  II  up  al  all,  ttieae  scetales  aaj  aot  b«  sgdully 

t;oc,gic 


make  up  for  ihe  scarcity  of  alkaline  eubslancea  in  the  soil — or  would  llie 
same  mode  of  operation  be  employed  if  poiash  and  soda  were  preaenl 
in  greater  abundance?  Or  where  the  alkalies  are  present  in  grealer 
abundance,  might  not  more  work  be  done  by  iheni  iu  the  same 
time, — might  not  the  plant  be  built  up  the  faster  and  ihe  larger,  when 
there  were  jnore  hands,  so  to  speak,  to  do  the  work?  Is  the  action  of 
inorganic  substances  upon  vegetation  to  be  explained  by  the  existence 
of  a  power  resident  in  the  roots  or  other  parts  of  plants,  "by  which  such 
operations  as  this  are  directed  or  superintended  1  There  are  many 
mysteries  connecteii  with  the  nature  and  phenomena  of  vegetable  life, 
which  we  have  been  unable  as  yet  to  induce  nature  to  reveal  to  us.* 
But  tlie  morning  light  is  already  kindling  on  the  tops  of  the  mountains, 
and  WB  may  hope  tnat  the  deepest  vail  ies  will  not  forever  remain  obscure. 

§  3.   ne  course  of  the  sap. 

If  the  trunk  of  a  tree  be  cut  off  above  the  roots,  and  the  lower  exlrem- 
ily  be  immediately  plunged  into  a  solution  of  madder  or  other  colouring 
substances,  the  coloured  liquid  wili  ascend  and  will  gradually  tinge  the 
wood.  This  ascent  will  continue  till  the  colour  can  also  be  observed 
in  the  nerves  of  the  leaf.  If  at  this  stage  in  the  experiment  the  trunk 
be  cut  across  at  various  heights,  the  wood  alone  will  appear  coloured, 
the  bark  remaining  entirely  unringed.  But  if  the  process  be  allowed 
Btill  to  continue  when  the  colonred  matter  has  reached  the  leaf,  and  after 
some  further  lime  the  stem  be  cut  across,  the  bark  also  will  appear  dyed, 
and  the  tinge  will  be  perceptible  further  and  furiher  from  ihe  leaf  the 
longer  the  experiment  is  carried  on,  till  at  length  both  bark  and  wood 
will  be  coloured  to  the  very  bottom  of  the  stem. 

Or  if  the  root  of  a  living  plant,  as  in  ihe  experiment  of  Macaire  de- 
tailed in  a  preceding  note,  be  immersed  in  a  metallic  solution — such 
as  a  solution  of  acetate  of  lead, — which  it  is  capable  of  absorbing  with- 
out immediat"  injury,  and  different  portions  of  the  plant  he  examined 
after  ihe  lapse  of  different  periods  of  time,—  first  the  stem,  afterwards 
the  leaves,  then  ihe  bark  of  the  upper  part  of  the  stem,  and  lastly  thai 
of  the  lower  pari  of  the  stem,  will  exhibit  traces  of  lead. 

These  experiments  show  ihal  the  sap  which  enters  by  the  roots  as- 
cends through  ihe  vessels  of  the  wood,  diffuses  itself  over  the  surface 
of  leaves,  and  then  descends  by  the  bark  lo  the  extremities  of  the  root. 

But  what  becomes  of  the  sap  when  it  reachlis  the  root]  Is  it  deliver- 
ed into  the  soil,  or  does  it  recommence  the  same  course,  and  again,  re- 
peatedly perhn[is,  circulate  through  the  siem,  leaves,  and  hark  7  This 
question  has  been  partly  answered  by  what  has  been  staled  in  the  pre- 
ceding section.  When  the  sap  reaches  ihe  extremity  of  the  root,  ii  ap- 
pears to  give  off  to  the  soil  both  solid  and  fluid  substances  of  a  kind  and 

'  The  roots  oftreei  niUtniTel  to  eompBiiillTely  grest  dlaraiic^s,  and  in  nriaus  ilireclinna, 
In  searcti  of  water:  Uianms  alMinroio(BapaiselIe)  «m  penslraLE  10  or  12  f^et  Ihrui^h  the 
eaicareoiia  mhblj  eubBoll,  or  down  the  flBsuiea  of  ilmesLone  rooka  nn  which  Ihey  del&ht  lo 
arow.    Is  this  IhB  remit  of  aameptrixpttve  power  In  Uie  plant— or  is  it  metalj  bj  atculml 

Those  Who  are  Ed  any  d<^r»e  aroualcipii  with  Ihe  speciiialiona  of  th&GanAan  phytilolo- 
piHlHOfthegreuestnuae— iDTeganf  Id  Ihe  ^uutanii  evealheimmorlaUtj/ of  plants — will  not 

power  in  olanla.  VonHanina  ff^Eailcl  of  ubjectortby  epeablng  of  them  ag  '^eeiaK^^c  men 
toto^ivnthfpfi^Jerqfatiripr^endinffl^ea'^fisei:^46nic'hajtbT'nimf':r/ed'^9iawc'^^^  " 
See  Meyeii'a  JahmibaiiJtl,  1S39,  or  ffiiMsmik's  Jeu.-!uafi-  Jimjirv,  ISyy^.J^,  _  |  _ 


It  which  probably  differ  with  every  speclea  of  plant.     The 
inder  of  the  aan  and  of  the  substances  it  liolds  in  soiuiion  must  be 


diffused  through  the  cellular  spongy  terminations  of  the  roots,  and,  with 
the  new  sujiply  of  liquid  imbibed  from  the  soil,  returned  again  to  llie 
stem  with  the  ascending  current. 

Bin  what  causes  the  sap  thus  10  ascend  and  descend  I  By  what 
power  is  it  first  sucked  fip  through  the  roots,  and  afterwaj-da  forced  down 
again  from  the  leaves?     Several  answers  have  been  given  to  this  quos- 

1°.  When  the  end  of  a' wide  tube,  either  of  metal  or  of  glass,  is 
plunged  into  water,  the  liquid  will  rise  within  the  tube  sensibly  to  ihe 
same  level  as  that  at  which  it  stasds  in  the  vessel.  But  if  a  capiUai-y* 
tube  be  employed  instead  of  one  with  a  wide  bore,  the  liquid  will  rise, 
and  will  permanently  remain  at  a  considerably  higher  level  within  than 
without  the  tube.  The  cause  of  this  rise  has  been  ascribed  to  an  attrac- 
tion which  the  sides  of  (he  tube  have,  for  the  liquid,  and  which  is  suffi- 
ciently strong  to  raise  it  and  to  keep  it  up  above  the  proper  level  of  the 
water.  The  force  itself  is  generally  distinguished  by  the  name  of  capii' 
lary  attraction. 

Now,  the  Wood  of  a  tree,  as  we  have  seen,  is  composed  of  a  mass  of 
fine  tubes,  and  through  these  the  sap  has  been  said  to  rise  by  capiilary 
attraction.  But  if  the  top  of  a  vine  be  cut  off  when  it  is  juicy  and  fuil 
of  snp,  the  liijuid  will  exude  from  the  newly  formed  surface,  and  if  the 
air  be  excluded,  will  Bow  for  a  length  of  time,  and  may  be  collected  in 
a  considerable  quantity  [Lind  ley's  Theory  of  Horticulture,  p.  47,  note]. 
Such  a  flow  of  ihe  sap  is  not  (o  be  accounted  for  by  mere  capillary  at- 
traction— the  sides  of  tubes  cannot  draw  up  a  fluid  beyond  their  own 


a°.  To  supply  the  defect  of  ibis  hypothesis,  De  Saussure  supposed 
that  the  fluid  at  first  introduced  by  capillary  atiiaction  into  the  exiretni- 
ties  of  the  root,  was  afierwards  propelled  upwards  by  the  alternate  con- 
traction and  expansion  of  ihe  tubes  of  which  the  woad  of  the  root  and 
stem  is  composed.  This  alternate  contraciiou  and  expansion  he  also 
supposed  lobe  caused  by  a  peculiar  tmiaiin^  property  of  the  sap  itself, 
which  caused  each  successive  part  of  the  tube  into  which  it  found  ad- 
mission to  contract  for  the  purpose  of  expelling  it.  Mr.  Knight  also  as- 
cribed the  ascent  of  the  sap  to  a  similar  contraction  of  certain  other  pans 
of  (he  stem.  Being  once  raised,  he  suppcraed  it  to  return  again  or  de- 
scend by  its  own  weight — but  in  drooping  branches  it  is  obvious  that  the 
sap  must  be  actually  driven  or  drawn  upwards  from  the  leaves  on  its  re- 
turn (o  (he  root.     These  explanations,  therefore,  are  still  unsatisfactory. 

3',  If  one  end  of  an  open  glass  lube  be  covered  with  a  piece  of  mois- 
tened bladder  or  other  fine  animal  membrane,  lied  tightly  over  it,  and  a 
strong  solution  of  sugar  in  waler  be  then  poured  into  the  open  end  of  the 
lube,  so  as  (o  cover  the  membrane  to  the  depth  of  several  Inches,  and  if 
ihe  closed  end  be  iheu  introduced  to  the  deplh  of  an  inch  below  t!ie  sur- 
face of  a  vessel  of  pure  water,  the  water  will  after  a  short  time  pass 
through  the  bladder  inwards,  and  the  column  of  liijuld  in  the  lube  will 
increase  in  Iieight.  This  a^entwill  continue,  lill  in  favourable  circum- 
■  GlaaaJubeBpsefar^led  by  a  very  &HG  bote,  IJkca  JiLimanhalr,  are  called  capHiarj/ tabes^ 
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Stances  the  fluid  will  reach  Llia  height  of  several  feel,  and  wiil  flow  out 
or  run  over  al  the  open  ecd  of  the  lube.  At  the  same  time  the  water  in 
the  vessel  will  become  sweet,  indiealing  iliat  while  so  much  liquid  haa 
passed  through  the  membrane  inwards,  a  quantity  bas  also  passed  out- 
wards, carrying  sugar  along  with  it,*  To  these  opposite  effects  Jhtlro- 
chet,  who  (trst  drew  attention  to  the  fact,  gave  the  names  of  Endo^mose, 
deooiius  the  inward  progress,  and  Exosmose,  the  outward  progress  oi  the 
Auid.  He  supposed  them  to  be  due  to  the  action  of  two  opposite  cur- 
rents of  electricity,  and  he  likens  the  phenomena  observed  during  the 
circulation  of  the  sap  in  plants,  to  the  appearances  presented  during  the 
above  experiment. 

Without  discussing  the  degree  of  probability  which  exists  as  to  the  in- 
fluence of  electricity  in  producing  the  phenomena  of  endosraoae  and  ex- 
osmose,  it  must  be  admitted  that  the  appRarances  themselves  bear  a 
strong  resemblance  to  those  presented  in  the  absorption  and  excretion  of 
fluids  by  the  roots  of  plants — and  point  very  distinctly  to  al  least  a 
kindred  cause. 

Thus,  if  the  spongy  termination  of  the  root  represent  the  ihin  porous 
memfaraue  in  the  above  experiment — the  sap  with  which  the  tubes  of 
the  wood  are  filled,  the  artificial  solution  intradnced  into  the  experimen- 
tal tube — and  the  water  in  the  soil,  the  water  or  aqueous  solution  into 
which  the  closed  extremity  of  the  tube  is  introduced, — we  have  a  series 
of  conditions  precisely  similar  to  those  in  the  experiment.  Fluids  ought 
consequently  to  enter  from  the  soil  into  the  roots,  and  thence  to  ascend 
into  the  stem,  as  in  nature  they  appear  to  do. 

This  ascent,  we  have  said,  will  continue  till  the  fluid  in  the  tubes  of 
the  wood  (the  sap)  is  reduced  to  a  density  as  low  as  that  of  tho  liquid 
entering  the  roots  from  the  soil.  But  in  a  growing  liee,  clothed  with 
foliage,  this  will  never  happen.  The  leaves  are  continually  ejthaling 
aqueous  vapour,  as  one  of  their  constant  functions,  and  sometimes  in 
very  large  quontily.  The  sap,  therefore,  when  it  reaches  the  leaves,  is 
concentrated  or  thickened,  and  rendered  more  dense  by  the  separation 
of  the  water,  so  that  when  it  descends  lo  the  root,  and  again  begins  its 
upward  course,  it  will  admit  of  large  dilution  before  its  density  can  be 
so  far  diminished  as  to  approach  that  of  the  comparatively  pure  water 
which  is  absorbed  from  the  soil.  And  ibis  illustration  of  the  ascent  of 
tlie  sap  appears  the  more  correct  from  the  obvious  purpose  it  points  out 
— (in  addition  to  others  long  recognised) — as  served  by  the  evaporation 
which  is  constantly  taking  place  from  the  surface  of  the  leaf 

Siill  the  cause  of  the  ascent  of  the  sap  is  not  the  more  clear  thai  we 
can  imitate  it  in  snme  measure  by  an  artificial  experiment.  But  it  will 
be  conceded  by  the  strictest  reasoners  on  physical  phenoi  .1.  -.  .- 

have  obtained  the  command,  or  even  a  partial  control,  t 

'  Instead  of  sugar,  coiamoD  salt,  gum,  or  other  soIublB  sabfitanceB  may  be  dlt 
(tie  vtwet  iulFaduced  at  first  Inlo  th«  tube,  and  the  deasfir  tills  soluUoD  1h«  larger  thi 

wlU  risa.    Il  ceases  In  all  caaes  [0  rise  out;  when  the  porUons  of  liquid  within  am 
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power,  is  a  considerable  step  towards  a  clear  conception  of  ihe  nature  nf 
that  power  itself-  If  the  phenomena  of  endosmose  can  hereafter  be 
clearly  and  indubitably  traced  lotheagency  of  elec(rici[y  we  shall  have 
advanced  still  another  step,  and  shall  be  enabled  to  devise  other  tneans 
by  which  a  more  perfect  imitation  of  nature  may  be  effected,  or  a  more 
complete  control  asserted  over  the  phenomena  of  vegetable  circulation. 

§  4.  Functione  of  the  stem. 

The  funeiions  of  (he  stem  are  probably  as  various  as  those  of  the 
root,  though  the  circumstances  under  which  ihey  are  performed  necea- 
aarlly  involve  these  functions  in  considerable  obscurity. 

The  pith  which  forms  the  central  pan  of  the  stem  consists,  us  I  have 
already  slated,  of  lubes  disposed  horizontally.  When  a  coloured  fluid 
is  permitted  to  enter  the  lower  part  of  ihe  stem  in  the  esperimenls 
above  described,  the  pith  remains  untinctured  in  (he  cenire  of  (he  col- 
oured wood.  It  does  not,  therefore,  serve  for  the  conveyance  of  (he  sap. 
Nor  does  it  seem  to  be  vitally  necessary  to  the  healih  and  growth  of  the 
plant,  since  Mr.  Knight  has  shown  ihat,  from  the  interior  of  many-trees, 
It  may  be  removed  without  apparent  injury,  and  in  nature,  as  trees  ad- 
vance in  age,  it  gradually  diminishes  in  bulk,  and  in  some  species  be- 
comes apparently  obliterated. 

The  vessels  of  the  wood,  which  surrounds  the  pith,  perform  proba- 
bly both  a  mechanical  and  a  chemical  function.  They  serve  lo  convey 
upwards  lo  the  leaf  the  various  substances  which  enter  by  the  roola. 
This  is  their  mechanical  function.  But  during  its  progress  upwarJs, 
the  sap  appears  to  undergo  a  series  of  changes.  When  it  reaches  the 
leaves  it  is  no  longer  in  the  state  in  which  it  ascended  from  the  root  inio 
the  stem.  The  difficulty  of  extracting  the  sap  from  the  wood,  at  dif- 
ferent heights,  has  prevented  very  rigorous  experiments  from  being 
made  on  ila  nature  and  contents  at  the  several  stages  of  its  ascein. 
These  it  is  obvious  must  vary  with  (he  species  and  age  of  the  plant,  and 
with  the  season  of  the  year  at  which  the  experiment  is  made.  But  the 
general  result  (o  be  drawn  from  such  observations  as  have  hitheKo  been 
made,  is,  that  those  substances  which  enter  directly  into  the  root,  when 
mingled  with  such  as  have  already  passed  through  the  circulation  of  the 
plant,  undergo,  during  their  ascent,  a  gradual  preparation  for  that  sinie 
in  which  they  become  fit  to  minister  to  the  growth  of  the  plant.  This 
alion  is  completed  in  a  creat  measure  in  the  leaf,  though  furdier 
„;s  still  goon  as  the  sap  descends -through  the  bark.  This  deduc- 
LS  strengthened  by  the  fact  that  gaseous  substances  of  various  kinds 
and  in  varyiiig  quantities  exist  in  the  interior  of  (he  wood  of  the  grow- 
ing plant.  These  gaseous  subtances,  according  to  Boucherie,  are  m 
some  cases  equal  in  bulk  to  one-twentieth  part  of  the  entire  trunk  of  iho 
tree  in  which  they  exist.  They  pmbably  move  upwards  along  with 
the  sap,  and  are  more  or  less  completely  discharged  inIo  the  atmosphere 
through  the  pores  of  the  leaves.  That  these  gaseous  substances  nnl 
only  differ  in  quantity,  but  in  kind  also,  with  the  age  and  species  of 
the  tree,  and  with  the  season  of  the  year,  may,  I  think,  be  considered 
as  almost  amounting  to  a  proof  that  they  have  not  been  inhaled  direct- 
ly by  the  toots,  but  are  the  result  of  chemical  decompositions  which 


liave  taken  place  on  the  stem  itself,  as  the  sap  mounted  upwards  lo- 

We  have  aeen  that  the  roots  exercise  a  kicd  of  discriminating  power 
in  !id milling  to  (he  circnlalton  of  the  plant  the  various  substances  which 
are  present  in  the  soil.  The  vessels  of  the  stem  exhibit  an  analogous 
power  of  admitting  or  rejecting  the  solutions  of  different  substances  into 
which  they  may  be  immersed.  Thus  Boucherie  states  that,  when  the 
trunks  of  several  trees  of  the  same  species  are  cut  off  above  the  roots, 
and  the  lowet  extremities  immediately  plunged  into  solutions  of  differ- 
ent substances,  some  of  these  solutions  will  quickly  ascend  into  and  peu- 
eiraie  the  entice  substance  of  the  tree  iannersed  in  them,  while  others 
will  not  be  admitted  at  all,  or  with  extreme  slowness  only,  by  the  ves- 
sels of  the  stems  to  which  they  are  respectively  presented.  On  the 
other  hand,  that  which  is  rejected  by  one  species  will  be  readily  admit- 
ted by  another.  Whether  this  partial  stoppage  of,  or  total  refusal  to  ad- 
iriit,  certain  substances,  be  a  mere  contraclUe  effort  on  the  j)aEt  of  the 
vessels,  or  be  the  result  of  a  chemical  change  by  which  their  exclusion 
is  effected  or  resisted,  does  not  as  yet  clearly  appear.  That  it  does  not 
depend  upon  the  lightness  and  poiosity  of  the  wood,  as  might  be  sup- 
posed, if  shown  by  the  observation  that  the  poplar  is  less  easily  pene- 
trated in  this  way  than  [he  beech,  and  the  willow  than  the  pear  tree, 
the  maple,  or  the  plane. 

These  various  functions  of  ihe  woody  part  of  the  stem  are  perlbrmed 
chiefly  by  the  newer  wood  or  albuntum,  or,  as  it  is  often  called,  the  sap 
wood  of  the  tree.  As  the  heart  wood  becomes  older,  the  tubes  of  which 
ii  consists  are  either  gradually  stopped  up  by  the  deposition  of  solid 
substances  wliich  have  entered  by  the  roots,  or  by  the  formation  of 
chemical  compounds,  which,  like  concretions  in  the  bodies  of  animals, 
slowly  increase  in  size  till  the  vessels  become  entirely  closed — or  (hey 
are  by  degrees  compressed  laterally  by  the  growth  of  wood  around  them, 
so  as  to  become  incapable  of  transmitting  the  ascending  fluids.  Per- 
haps the  result  is  in  most  cases  due  in  part  to  both  these  causes.  This 
more  or  less  perfect  stoppage  of  the  oldest  vessels  is  one  reason  why  the 
course  of  the  sap  is  chiefly  directed  through  the  newer  tubes.* 

The  functions  of  the  bark,  which  forms  the  exterior  portion  of  the 
stem,  will  be  more  advantageously  described,  after  we  shall  have  con- 
sidered the  purposes  served  by  the  leaves. 

§  5.  Functions  of  the  leaves. 

The  vessels  of  which  the  sap  wood  is  composed  extend  upwards  into 
the  fibres  of  the  leaf.  Through  these  vessels  the  sap  ascends,  and  from 
tlieir  extremiiies  diffuses  itself  over  the  surface  of  the  leaf.  Here  it  un- 
dergoes important  chemical  changes,  the  extent,  if  not  the  exact  nature, 
of  which  v.'ill  appear  from  a  short  description  of  the  fuDCtions  which  the 
leaves  are  known  or  are  believ'ed  \o  discharge. 

1°.  When  the  roots  of  a  living  plant  are  immersed  in  water,  it  is  a 

facl  of  IheBeroola  being  Ihe  chief  abBDrbenlsllTjm  the  soil,  Is 'a  aiifficLeM  reason  wh]?  Ihal 

ling  flaids,  is  shown  bj  plunging  tliE  newlv  cut  stem  of  a  Irce  InlQ  a  coiirated  solution— Ihe 
newer  Bood  will  be  djed,  wljile  more  iiikss  of  the  cealral  porUoo  will  tEmain  unchanged. 


matter  of  familiar  observation  that  tlie  water  gradually  dlrainisnes  in 
bulk,  and  will  at  length  entirely  disappear,  even  when  evaporation  into 
the  air  is  entirely  prevented.  The  water  which  (has  diaappeara  is  laken 
up  hy  the  roots  of  the  plant,  is  carried  op  to  the  leaves,  is  there  spreaiJ 
out  over  a  large  surface  exposed  to  (he  Bun  and  to  the  air,  and  in  The 
form  of  vapour  escapes  in  considerable  proportion  through  the  pores  of 
the  leaves  and  diffuses  itself  through  the  atmosphere. 

The  qtiantity  of  water  which  thus  escapes  from  the  surface  of  tbo 
leaves  varies  with  the  moisture  of  the  soil,  with  the  species  of  plant, 
with  the  temperature  and  moisture  of  the  air,  and  with  the  season  of  (he 
year.  According  lo  the  experiments  of  Hales,  it  is  also  dependent  on 
the  presence  of  the  sun,  and  is  scarcely  perceptible  during  the  night. 
He  found  (hat  a  sun-flower,  3i  feet  high^  lost  from  ils  leaves  during  1-3 
hours  of  one  day  30,  and  of  another  day  20  ounces  of  water,  while  during 
a  warm  night,  without  dew,  it  lost  only  three  ounces,  and  in  a  dewy 
tlieht  underwent  no  diminution  in  weight.* 

This  loss  of  watery  vapour  by  the  leaf  is  ascribed  to  two  different 
kinds  of  action.  First,  to  a  natural  perspiration  from  the  pores  of  ihe 
leaf,  similar  to  the  insensible  perspiration  which  is  contiuuaily  proceed- 
ing from  the  skins  of  healthy  animals ;  and  second,  to  a  mechanical 
evaporation  like  that  which  gradually  takes  place  from  the  surface  of 
moist  bodies  when  exjiosed  to  hot  or  dry  air.  The  relative  amouni  of 
loss  due  to  each  of  these  two  modes  of  action  respectively,  must  differ 
very  much  in  .different  species  of  plants,  being  dependent  in  a  great 
measure  on  the  special  structure  of  the  leaf.  In  all  eases,  however,  the 
natural  perspiration  is  believed  very  greatly  to  exceed  the  mere  mechan- 
ical evaporation — though  Ihe  results  of  Hales,  and  of  other  experimen- 
ters, show  that  both  processes  proceed  with  the  greatest  rapidity  under  tlie 
influence  of  a  warm  dry  atmosphere,  aided  hy  the  direct  rayaof  Ihesun. 

Among  the  several  purposes  served  by  this  escape  of  watery  vapour 
fram  the  surface  of  the  leaf,  it  is  of  importance  for  us  to  notice  the  direct 

■  Wlien  the  escape  ofiapoar  from  Ihe  leiLies  \a  mors  rapid  Ihaa  Ihe  sappt;  of  waler  from 

fill  the  emptr  ipics.  Thia  will  coDdDoe  dU  naaitr  all  Ibe  fluid  has  rUeo  fiuni  Ibe  Blein  ]nla 
Ihe  leaf,  and  the  vuaels  of  Ihe  wood  are  Ibtl  of  air.  But  If  Itas  aletn  of  the  tvili  or  flower  be 
plHced  In  watw  Ibli  liquid  wiU  ilia  Into  It,  all  will'  be  eiclnded,  and  Uie  freBlioua  aod  blaoni 

duoed  contafnanj  subitancea  In  solullon,  these  will  rim  alona  with  the  water,  anJ  will  grad- 
vall/  maue  their  wa^  throush  all  Ihe  vesHelH  of  Ihe  wood,  till  Uiey  can  be  deleeied  In  Ihe 
leaves.  Br  IhtA  meana  even  lai^e  Ifeeamaj  in  a  atiorltime  be  BBluraled  wllh  eallneaDlu- 
Uoaa,  capable  of  presertinst  them  from  decay.  II  is  only  necessarj  lo  ml  down  or  win 
through  Ibe  tree  and  insen  lie  lower  eilremily  into  the  prejured  boIqUou,  when  Ihe  action 

•Kiemfflfe  {the  BubjocI  of  Kjan'e  Patent)  may  be  Injected  with  ease,  or  pyrMgnile  of  iron. 
(iron  dlaaolTsd  in  wood  vinegar^  which  Boucherie  racommenrts  as  equally  elBolont  aod 
inuDhmoreeeaBgmIcal,[.dnn.i&QUm.eldsi%B.li^T.  p.  113.}  TbeprooesslB  finished 
when  (he  liqoid  le  tbnod  lo  hare  rlaau  to  Iha  leat  Coluared  ■olmlona  may  In  Ihe  game  way 
be  injeclEd  and  (be  wood  lineed  (o  sdt  requtred  shade.  One  ofthe  chlerbenaSts  adandanl 
upon  the  cuuingofwood  Id  Iha  wliiler,  appears  to  be  that  the  absence  of  leaiei  prarenls  Ihe 
enhauetion  of  Ihe  aap  and  the  ascent  of  air  Into  Ihe  vessels  of  (be  wood— the  oxygen  of  this 
sir  tending  to  Induce  deca;.  Bat  the  sap  may  be  retained,  and  the  air  exclndef  almost  a^ 
eilfecliially,  at  any  other  season  of  the  year,  by  stripping  the  Iree  of  its  loaves  and  branches  i 
few  dajaljerore  b.  is  cut  down. 


chemical  influence  it  exerckesoverlhegrowlh  of  the  plant.  As  the  warer 
disappears  froji]  the  leaf,  the  roots  must  absorb  from  the  soil  at  least  an 
er]iial  supply.  This  water  brings  with  it  the  soluble  substances,  organ- 
ic and  inorganic,  which  the  soil  contains,  and  thns  in  proportion  to  llie 
activity  with  which  the  leaves  lose  tlieir  watery  vapour,  will  be  tiie 
quantity  of  those  substances  which  enter  fram  the  soil  into  the  general 
circulation  of  the  plant.  This  enables  us  to  understand  how  substances, 
very  sparingly  soluble  in  water,  should  yet  be  foujid  in  the  inlerior  of 
plants,  and  iu  very  conMderable  (juantity,  al  almost  every  stage  of  their 
growth. 

2°.  Besides  watery  vapour,  however,  the  leaves  of  nearly  all  plants 
exhale  at  the  same  time  other  volatile  compounds  in  greater  or  less 
abundance.  In  ihe  petals  of  flowers,  we  are  iumiliar  with  such  exha- 
lations—often of  an  agreeable  and  odoriferous  character.  In  the  case  of 
plants  and  trees  also  which  emit  a  sensible  odour,  ,we  readily  recognise 
the  fact  of  volatile  substances  being  given  off'  by  the  leaves.  But  even 
when  (he. sense  of  smell  gives  us  no  iudtcalion  of  iheir  emission  from  a 
single  leaf  or  a  single  plant,  the  intfoduction  of  a  number  of  such  in- 
odorous plants  into  the  confined  atmosphere  of  a  small  room  after  atiine 
satisfies  us  that  even  they  part  with  some  volatile  matter  from  their 
leaves,  which  makes  itself  perceptible  to  our  imperfect  organs  only  when 
in  a  concentrated  slate.  The  probability  therefore  is,  that  the  leaves  of 
all  plants  eipit,  along  with  the  watery  vapour  which  ihey  evolve,  cer- 
tain other  volatile  substances  also,  though  often  in  quantities  so  minute 
as  to  escape  detection  by  our  unaided  senses.  By  the  emission  of  these 
substances  the  plant  probably  relieves  itself  of  what  would  prove  inju- 
rious if  retained,  though  of  the  chemical  nature  and  composition  of  these 
exhalations  little  or  nothing  has  yet  been  ascertained. 

3°.  If  the  branch  of  a  living  plaiit  be  so  bent  thai  some  of  its  leaves 
L-an  be  introduced  beneath  the  edge  of  an  inverted  tumbler  full  of  water, 
and  if  the  leaves  be  then  exposed  to  the  rays  of  the  son,  bubbles  of  gas 
will  be  seen  to  form  on  the  leaf,  and  gradually  to  rise  through  the  water 
and  collect  in  the  bottom  of  the  tumbler.  If  this  gas  be  examined  it 
will  be  found  to  be  pure  oxygen. 

If  the  water  contain  carbonic  acid  gas,  or  if  during  Ihe  experiment  a 
htlle  carbonic  acid  be  introduced,  this  gas  will  be  found  gradually  to  dis- 
appear, while  the  oxygen  will.coQlinue  to  accumulate. 

Or  if  the  experiment  be  made  by  intfoducinij  a  living  plant  into  a  large 
Dell-glass  full  of  trnmnion  atmospheric  air,  allowing  it  to  grow  there  for 
13  hours  in  (he  sunshine,  and  then  examining  or  analysing  the  air  con- 
tained in  the  glass,  the  result  will  be  of  a  precisely  similar  hind.  The 
per  eeniage  of  oxygen  in  the  air  will  have  increased."  And  if  the  ex- 
periment be  varied  by  the  introduction  of  a  small  quantity  of  carbonic 
acid  gas  into  the  jar,  this  gas  will  be  found  as  before  to  dlmtnish  in  quan- 
tity, while  the  oxygen  increases.  The  conclusion  drawn  from  these 
experiments,  therefore,  is,  that  tke  leaves  of  plants,  when  exposed  to  the 
rays  of  the  sun,  absorb  carbonic  add  from,  the  air  and  give  off  pure  oxy- 
gen gas. 

It  has  been  already  stated  that  the  prcpottion  of  carbonic  acid  present 
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ill  the  atmosphere  is  exceedingly  small,  [about  1-2500111  of  this  hulk — 
see  LGclure  11.,  p.  30  ;t  but  if  for  the  purpose  of  experiment  we  increase 
this  proportion  in  a  galton  of  air  to  five  or  ten  per  ceni.,  iniroduee  a  liv- 
iag  plaol  i[ito  it,  and  expose  it  to  the  sunshine,  the  carbonic  acid  will 
gradually  disappear  ss  before,  while  (lie  oxygen  will  increase.  And  if 
we  analyse  the  air  and  estimate  the  exact  bulk  of  each  of  these  gases 
present  in  it  at  the  closeof  our  experiment,  we  shall  find  that  the  osygen 
has  increased  generally  by  as  much  as  the  carbonic  acid  has  diminished. 
That  is  to  say,  if  five  cubic  inches  of  the  latter  have  disappeared,  five 
cubic  inches  will  have  been  added  to  the  bulk  of  the  oxygen.  The 
above  general  conclusion,  therefore,  is  rendered  more  precise  by  this  ex- 
periment, which  Sppears  to  show  thai  under  the  influence  of  the  sun's 
rayi  (A«  ieaves  of  plants  absorb  carbonic  add  from  the  air,  and  at  the  same 
time  give  off  m<  kquai.  bui,k  of  oxygea  ^as. 

And  as  carbonic  jcid  (COjJ  coniaius  its  own  bulk  of  oxygen  gas* 
combined  with  acertain  known  weight  of  carbon,  it  is  farther  inferred 
that  the  oxygen  given  off  by  the  leaves  is  the  same  which  has  been  pre- 
viously absorbed  in  the  fbrni  of  carbonic  acid,  and  therefore  it  is  usually 
stated  as  a  function  of  the  leaves — that  in  the  suTishine  they  absorb  car- 
bonic add  from  Uie  air,  dkcosipose  it  in  ffte  interior  oftheleaf,  reiainils 
carbon,  and  agmn  reject  or  eiaii  the  oxygen  it  contained- 

This  conclusion  presenia  ave_ry  simple  view  of  tlie  relations  of  oxygen 
and  carbonic  acid  respectively  to  the  living  leaf  in  the  presence  of  the 
sun,  and  it  appearato  be  fairly  deduced  from  the  facts  above  stated. 
Il  has  occasionally  been  observed,  however,  that  the  bulk  of  oxygen 
given  off  by  ihe  leaf  has  not  been  precisely  equal  to  (hat  of  fhe  carbonic 
acid  absorbed,  [see  Persoa,  Chiiaie  Moleenlmre,.^.  54,]  and  hence  it  is 
also  fairly  concluded  (hat  a  ponion  of  (be  oxygen  of  the  carbonic  acid 
which  enters  the  leaf  is  retained,  and  made  available  in  the  produciion 
of  the  various  subsiauees  which  are  formed  in  (he  vascular  system  of 
different  plants.  On  the  other  hand  it  is  staled  by  Sprengel,  thai  if  com- 
pounds containing  much  oxygen  he  presented  lo  the  roots  of  plants,  and 
thus  introduced  into  the  circulation,  they  are  also  decomposed,  and  the 
oxygen  (hey  contain  in  part  or  in  whole  given  off  by  the  leaves,  so  that, 
under  certain  ci  re  u  nisi  a  noes,  ihe  bulk  of  the  oxygen  which  escapes  is 
actually  greater  than  that  of  the  carbonic  acid  whicli  is  absorbed  by  the 
leaves.  Such  is  the  case,  f'ci*  example,  when  thcToots  are  moistened 
with  water  containing  carbonic,  sulphuric,  or  nitric  acids. — [Sprecel 
Chemie,  II,,  p.  344.] 

It  is  of  importance  (o  note  these  deviations  from  apparent  simplicity 
ia  the  relative  bulks  of  the  two  gases  which  are  respectively  given  off 
and  absorbed  by  all  living  vegetables.  There  are  numerous  cases  of  the 
formation  of  substances  in  ihp  interior  of  plants  which  theory  would  fiiil 
to  account  for  with  any  degree  of  ease,  were  these  apparent  anomalies 
to  be  neglected.  This  will  more  distinctly  appear  when  in  a  subseiiueni 
lecture  we  shall  inquire  A6i«  or  by  whtu.  chemical  changes  the  subsian- 
ces  which  plants  contain,  or  of  which  ibey  consist,  are  produced  from 
the  food  which  they  draw  from  the  air  and  from  the  soil. 

-  This  Ibe  readM  will  cecolleclia  provefl  by  h.irni;ig  duvcoal  in  a  holHe  of  oiygon  gaalilJ 
cnmbusllDn  ccaaes  when  nearly  the  whole  of  Iho  oijeon  ia  convarled  Into  Qarbonlo  acid,  bul 
wilhautchangsof  buUc— SeaLeclurBilL,p,  46,  ^  . 
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The  most  general  and  probable  expression,  therefore,  for  tlie  funcllon 
of  ihe  leaf,  now  under  consideration,  appears  (o  be  that  in  the  Bunahine 
tlie  leaves  absorb  from  tbe  air  carbonic  acid,  and  at  the  same  time 
evolve  oxygen  gas,  the  bulk  of  the  latter  gas  given  off  being  nearly 
equal  to  thai  of  the  former  which  is  taken  in — the  relative  bulks  of  the 
two  gaaea  varyina;  more  or  less  with  the  species  of  plant,  as  well  as 
with  tbe  circumsiances  under  which  it  is  caused  or  is  fitted  to  grow.* 

i".  Such  ia  the  relation  of  the  leaf  to  the  osygen  and  carbonic  acid 
of  the  atmosphere  in  the  presence  of  the  sun.  During  the  night  iheir 
action  is  reversed,  they  emii  carbonic  add  and  absorb  oxygen.  This  is 
proved  by  experiments  similar  to  those  above  described.  For  if  the 
plant  whicb  b^  remained  under  the  bell-glass  for  13  hours  in  tbe  sun- 
shine—during which  time  the  oxygen  has  sensibly  increased,  and  the 
carbouic  acid  diminished  iu  bulk — be  allowed  to  remain  in  the  same  air 
through  the  following  night,  ihe  OKjgen  will  be  found  (o  have  decreased, 
while  the  carbonic  acid  will  be  present  in  larger  quantity  than  in  the 
evening  of  the  previous  day. 

The  carbonic  acid  thus  given  off  daring  ilie  night  is  supposed  to  be 
parity  derived  from  the  soil  (lirough  the  roois,  and  partly  from  (he  sub- 
stance of  the  plant  itself.  The  oxygen  absorbed  either  combines  with 
the  carbon  of  the  plant  to  form  a  portion  of  ihe  carbonic  acid  which  is 
at  the  sanie  tinle  given  off  or  is  employed  ia  producing  some  of  t!i6 
o\.\iei -aiAdixed  [coniainiHg  oxygen  ia  considerable  iiuaaiiiy]  comjiounds 
(hat  exist  in  tjie  sap. 

As  a  general  rule,  ihe  quanlily  of  carbonic  acid  given  off  during  the 
night  is  far  from  being  equal  to  tbat  which  is  absorbed  during  the  day. 
Still  it  is  obvious  that  a  plant  loses  carbon  precisely  in  proportion  to  tbe 
amount  of  (his  gas  given  off.  Hence,  when  thedays  are  longest,  the 
plant  will  lose  the  least,  and  where  the  sun  is  brightest  it  vn\l  gain  ihe 
(asieat;  since  other  things  being  equal,  the  decomposition  of  carbonic 
acid  proceeds  mostrajridly  where  the  sky  is  the  clearest,  and  the  rays 
of  the  Hun  most  powerful.  Hence  we  see  why  in  Northern  regions, 
where  spring,  summer,  and  autumn  are  all  comprised  tnonc  loa^  day 
— vegetation  should  proceed  with  such  rapidity.  The  decojn position  of 
the  carbonic  acid  goes  on  without  intermission,  the  leaves  have  no  night 
of  rest,  but  nature  has  kindly  provided  ihat,  where  the  season  of 
warmth  is  so  fleeting,  there  should  be  no  cessation  to  the  necessary 
growth  of  food  fbt  man  and  beast. 

This  comparison  of  the  functions  performed  by  tlie  leai",  during  the 
day  and  night  respectively, explains  ihechemical  nature  of  the  bianckifig 
of  vegetables  practised  by  the  gardener,  as  well  as  the  cause  of  ihe  pale 
«olour  of  plants  that  grow  naturally  in  the  absence  o[  light. 

Wlieo  ex])osed  to  Uie  sun,  the  leaves  of  (hese  sickly  vegetables  evolve 
oxygen,  and  gradually  become  green  and  healthy.  Woody  matter  is 
formed,  and  the  stems  become  strong  and  fibrous. 

The  light  of  (he  sun,  in  the  existing  economy  of  nature,  is  indeed 
equally  necessary  lo  the  health  of  plants  and  of  animals.     The  Former 
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become  pale  and  sickly,  and  refuse  lo  porfociu  their  fnost  impoiOTil 
chemical  funciions  wlien  eseluded  from  ihe  lighl.  The  bloom  disap- 
jiears  from  the  human  cheek,  ihe  body  wastPS  aw»y,  and  l>je  spirit 
sinks,  when  ibe  unhappy  prisoner  is  debarred  from  the  sigh:  of  (he  blessed 
sun.  In  ?ii*  system,  too,  the  presence  of  lighl  is  necessary  loihe  perfor- 
mance of  those  ekemical  ftiDClions  on  which  the  healthy  condition  of  the 
vital  fluids  depends. 

The  processes  by  which  oxygen  and  carbonic  acid  are  respectively 
evolved  in  plants  have  been  likened  by  physiologists  to  ihe  reBjiiration 
and  dicestion  of  animals.  It  is  supposed  that  when  plants  respire  they 
give  off  carbonic  acid  as  animals  do,  and  (hat  when  they  digest  they 
evolve  OKVgen.  Respiration  also,  it  is  said,  proceeds  at  all  limes,  diges- 
tion only  in  the  light  of  iKe  Bun.  Though  these  views  are  confessedly 
conjectural,  ihpy  are  founded  upon  striking  analogies,  and  may  Teason- 
ably  be  entertained  as  matters  of  opinion. 

6°.  Other  species  of  decomposition  also,  besides  that  oi  de-oxidization, 
go  on  in  the  leaf,  or  are  lliere  ntade  manifest.  Thus  when  plants  grow 
it)  a  soil  containing  much  common  salt  (chloride  of  eodium)  or  olber 
chlorides,  they  have  been  observed  by  Sprengel  and  Meyen  lo  evolve 
chloride*  gas  from  their  leaves.  This  lakes  place,  however,  more  dur- 
ing the  mgbt  ihan  during  the  day.  Some  plants  also  give  off  ammonia, 
(Iiecture  IV.,  p-  70,)  while  others  (cruciferse),  according  to  Dr.  Daube- 
ny,  [in  bis  Three  lectures  on  Agriculture,  p.  59,]  emit  ftom  their  leaves 
pure  nitrogen  gas. 

The  evolution  of  chlorine  implies  the  previous  decomposition  of  the 
chlorides,  which  have  been  absorbed  from  the  soil;  while  that  of  nitro- 
gen may  be  due  to  the  decomposition  of  ammonia,  of  nitric  acid,  or 
of  some  other  compound  conlainiog  nitrogen,  which  has  entered  into  the 
circulation  by  the  roots.  The  exact  mode  and  nature  of  the  decompo- 
sition of  these  substances,  and  the  (wrposes  served  by  tliein  in  the  vegeta- 
ble econoroy,  wilt  come  under  our  consideration  in  a  subseiiuent  lecture. 
The  leaf  has  been  described  (p.  76)  as  an  expansion  of  the  barfc. 
It  consists  internally  of  tw)  layers  of  veins  or  vascular  fibres  laid  one 
over  the  other,  the  upper  connected  with  the  wood — the  lower  with  die 
inner  bark.  It  is  covered  on  both  sides  by  a  thin  membrane  (epider- 
mis), the  expansion  of  the  outer  hark.  Triis  thin  membane  is  studded 
with  numerous  small  pores  or  mouths  (slomata),  which  vary  in  size  and 
in  number  with  the  nature  of  the  plant,  and  with  the  circumstances  Id 
which  it  is  intended  to  grow.  It  is  fnjm  the  pores  in  the  upper  part  of 
the  leaf  that  substances  are  supposcl  to  be  Mshaled,  while  every  thing 
that  is  inhaled  enters  by  those  whicJare  observed  in  the  under  side  of 
the  leaf.f  Tiiis  opinion,  however,  is  not  universally  received,  it  being 
admitted  by  some  that  the  power  both  of  absorbing  and  of  emitting 
may  he  possessed  by  the  under  surface  of  the  !eaf- 

1°.  We  have  seen  that  ihechief  supply  ef  the  fluids  which  constitute 

odmr.  Wlien  tl  combines  viHh  olher  AubsCances  U  forms  cWorides.  it  exls]a  in,  and  Im- 
paru  Mb  smell  to,  chtortde  of  linie,  wbjch  is  Cfuplcyed  for  diEinteciing  ^urpoBes,  and  II 

l^edi  Itie-  sore  ts  prolecled  and  iiulcktf  heals,  wliile  [Ike  under  side  dtaai  it  and  produces  • 
tonaani  djscbarge.  ,  ~  i 

(.,oc)glc 
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the  sap  or  planls,  is  derived  from  the  soil.  The  under  side  of  (he 
leaves  of  planls  la  also  supposed  by  some  (o  be  capable  of  absorbing 
moisture  from  llie  air,  either  in  the  form  of  watery  vapour;  or  when  it 
falls  upon  the  leaves  in  the  slate  of  dew.  Like  the  roofs  also  they  may 
absorb  with  the  dew  any  substances  the  latter  happens  to  hold  in  solu- 
tion. And  thus  plants  may,  in  some  degree,  be  Dounshed  by  the  vola- 
tile organic  substances  v^hich  ascend  from  the  eatth  during  the  heal  of 
the  day,  and  which  are  again  in  a  great  measure  precipitated  with  the 
evening  dew. 

Whether  ihe  leaves  ever  absorb  nitrogen  gas  from  the  air  has  not  as 
yet  been  determined  with  sufficient  accuracy.  If  ihey  do,  it  muslin  gene- 
ral be  in  very  small  quantily  only,  since  it  has  hitherto  escaped  detec- 
tion. In  like  manner  it  is  doubiful  how  far  ihey  regularly  absorb  any 
other  substances  which  the  air  is  supposed  to  contain.  Thus  ii  is  known 
thai  nitric  acid  esisia  in  the  air  in  very  minute  quantity.  Some  chem- 
ists also  believe  that  ammonia  is  extensively  diHuaed  through  the  atmos- 
phere in  an  exceedingly  diluted  stale.  Do  the  leaves  of  plants  absorb 
these  substances  f  Is  the  absorption  of  them  oneof  the  constant  and  ne- 
cessary functions  of  ibe  leaves  ?  The  reply  lo  these  quesiions  must  be 
very  uncertain,  aud  any  principle  which  professes  to  be  based  upon  such 

8°.  The  peLals  of  flower-leaves  perforin  asomewhat  diflerent  function 
from  those  of  the  ordinary  leaves  of  a  plant.  They  absorb  oxygen  at 
all  times — though  more  byday  than  by  night — and  theyconslanlly  emit 
carbonic  acid.  The  bulk  of  the  latter  gas  evolved,  however,  is  less  than 
(hat  of  the  oxygen  taken  in.  The  absorption  of  oxygen  gas,  and  the 
constant  production  of  carbonic  acid,  is,  in  some  flowers,  so  great  as  to 
cause  a  perceptible  Increase  of  temperature — and  (o  this  alow  combus- 
tion, so  to  speak,  the  proper  heal  observed  in  the  flowers  of  many  plants 
has  been  atiribuied. 

According  to  some  authors,  the  flower-leaves  also  emit  pure  nitrogen 
gas. —  [Sprengel,  Chemie.Il.,  p.  347.]  This  fact  has  not  yet  been  deter- 
mined by  a  sufficient  number  of  accurate  experimenis  i  it  is  in  accord- 
ance, however,  with  the  results  of  Boussingaull,  ihat,  when  a  plant 
flowers  and  approaches  (o  maturity,  (he  nitrogen  it  contains  becomes 
less.  If  confirmed,  this  evolution  of  nitrogen  would  throw  an  interest- 
ing light  on  the  most  advantageous  employment  of  green  crops,  both  for 
the  purposes  of  manure  and  for  ihe  feeding  of  cattle. 

9°.  When  the  leaves  of  a  plant  begin  to  decay,  either  naturally  as  in 
airlumn,  or  from  artificial  or  accidental  causes,  they  no  longer  absorb 
and  decompose  carbonic  acid,  even  under  the  influence  of  the  sun's  rays. 
On  the  contrary,  they  absorb  oxygen,  like  the  petals  i:f  the  flower,  new 
compounds  are  formed  within  their  substance— < heir  green  colour  disap- 
pears— ibey  become  yellow — ihey  wither,  die.  and  drop  from  the  tree — 
their  final  function,  as  the  organs  of  a  living  being,  b  discharged.  They 
then  undergo  new  changes,  are  subjected  Id  a  new  series  of  influences, 
and  are  made  to  serve  new  purposes  in  the  economy  of  nature.  These 
we  shall  liereafter  find  to  be  no  less  interesting  and  important  in  refer- 
ence to  a  further  end,  than  are  Ihe  functions  of  the  living  leaf  lo  the 
grawih  and  nourishment  of  the  plant. — [See  subsequent  lecture,  "  On  Ihe 
Uaaojthe  decay  of  organic  s^ibstawxs.'"^  I^tDOqIc 


5  6.  Functions  of  the  bark. 

The  inner  bark  being  connected  wiili  the  under  layer  of  vessels  inihe 
leaf,  receives  from  theni  the  sap  after  it  has  been  changed  by  the  action 
of  the  air  and  light,  atiJ  transmits  it  downwards  to  the  root. 

The  outer  bark,  especially  in  young  iwigs  and  in  the  stallis  of  the 
grasses,  bo  closely  resembles  the  leaves  in  its  appearance,  that  we  can 
have  no  difficulty  in  admitting  that  it  must,  not  unfrequently,  perform 
similar  functions.  In  the  Cactus,  the  Stapella,  and  other  plants  which 
produce  no  true  leaves,  this  outer  bark  seems  to  perform  all  the  functions 
which  in  other  vegetable  tribes  are  specially  assigned  to  the  abundant 
foliage.  During  its  descent  through  the  inner  bark,  therefore,  the  sap 
must  in  very  many  cases  undergo  chemical  changes,  more  or  less  analo- 
gous to  those  which  usually  take  place  in  the  leaf. 

It  is  by  means  of  the  inner  bark  that  the  stems  of  trees,  such  as 
our  forest  and  fruit  trees,  are  enlarged  by  the  deposition  of  annual 
layers  of  new  wood.  The  woudy  fibre  is  formed  or  prepared  in 
ihe  leaf,  and  as  the  sap  descends  it  is  deposited  beneath  the  inner  sur- 
face of  the  inner  bark.  It  thus  happens  that,  as  the  sap  descends,  it  Is 
gradually  deprived  of  the  substances  it  held  in  solution  when  it  left  the 
leaf,  and  in  consequence  it  becomes  difficult  to  say  how  much  of  the 
chan|e,  which  the  sap  is  found  to  have  undergone  when  it  reaches  the 
root,  IS  due  to  chemical  transformations  produced  duringits  desc'ent,  and 
bow  much  to  the  de)>osition  of  the  woody  fibre  and  other  matters  it  has 
parted  wiih  by  the  way. 

Among-olher  evidences  of  such  changes  really  taking  place  during 
the  descent  of  the  sap,  I  may  menUonan  observation  of  Meyen  [Jahres- 
berieku  1839,  p.  27],  made  m  the  course  of.  hia  experiments  on  the  re- 
production of  the  bark  of  trees.  In  these  experiments  he  enclosed  the 
naked  wood  in  strong  glass  tubes,  and  in  three  cases  out  of  eight  the 
tubes  were  burst  and  shattered  in.pieces.  This  could  only  have  arisen 
from  the  disengagement  of  gaseous  substances,  the  result  of  decomposi- 
tion. While,  therefore,  such  gases  as  enter  by  the  roots  or  are  evolved 
in  the  vessels  of  the  wood  during  the  ascent  of  (he  sap,  escape  by  the 
leaf  aloDg  with  those  which  are  disengaged  in  the  leaf  itself,  it  is  proba- 
ble that  those  which  are  produced  as  the  resnll  of  changes  in  the  bark, 
descend  with  the  downward  sap,  and  are  discharged  by  the  root.* 

In  the  bark  of  the  root  it  is  probable  that  still  further  changes  take 
place — and  of  a  kind  which  can  only  be  efiected  during  the  absence  of 
ii^'ht.     This  is  rendered  probable  by  the  fact  that  the  bark  of  the 


frequently  contains  substances  which  are  not  to  be  met  n 
otherpart  of  the  plant.  Thus  from  the  bark  of  the  fresh  root  of  the  ap- 
ple tree  a  substance  oaaied  pkloridzine,  possessed  of  considerable  medi- 
cal virtues,  may  be  readily  extracted,  though  it  does  not  exist  in  the 
bark  either  of  ihe  stem  or  of  the  branches. 

In  fine,  as  the  food  which  is  introduced  into  the  sloraacha  of  animals, 
undergoes  continual  and  successive  chemical  changes  during  its  pro- 
gress through  the  entire  alimentary  cana! — bo,  numerous  phenomena 
indicate  that  the  sap  of  plants  is  alwi  subjected  to  unceasing  transfotma- 
•  Bprengel  aajB  Ibat  the  alama  and  fwlf  s.  and  llio  alalka  of  [lie  grosses,  oU  absorb  oxygca 


lions, — in  ihe  root  and  in  ihe  stem  aa  well  as  in  ilie  leaves,-:— at  one  lime 
in  the  dirk,  at  another  under  ihe  influence  af  the  sun's  rays, — exposed 
when  in  iho  ieaC  to  the  full  action  of  the  air, — and  when  in  the  root  al- 
most wholly  secluded  from  its  presence ; — lite  new  compounds  pro- 
duced in  every  inalance  being  suited  either  to  the  nature  of  the  plant  or 
ihe  wants  and  functions  of  thai  pan  of  it  in  which  each  transformation 
lakes  place, 

.  To  some  of  these  transformations  it  will  be  necessary  to  advert  more 
particularly,  .when  we  come  to  consider  the  special  changes  by  which 
those  substances  of  which  plants  chiefly  consist,  are  formed  out  of  these 
compounds  on  which  they  chiefly  live. 

I  7.   Grcumslances  hy  which  the  funClsons  of  Oie  vanoxis  parts  of  plants 

are  modified. 

Plants  grow  more  or  less  liixnriantlv,  and  their  several  parts  an; 

more  or  less  largely  developed,  in  obedience  to  numerous  and  varied 


I.  In  regard  to  the  special  functions  of  the  root,  we  have  already  seen 
that  ihe  access  of  atmospheric  air  is  in  some  cases  indispensable,  while 
in  others,  by  shooting  vertically  downwards,  the  roots  appear  to  shun 
the  approach  of  either  air  or  light.  It  is  obvious  also  that  a  certain  de- 
gree of  moisture  in  the.  soil,  and  a  certain  temperature,  are  necessary 
to  the  most  healthy  discharge  of  the  functions  of  the  root.  In  hot  wea- 
ther the  plant.droopa,  because  the  roots  do  nut  absorb  water  from  the 
soil  with  sufficient  rapidity.  And  though  it  is  probable  thai,  at  every 
temperature  above  (hat  of  absolute  freezing,  the  food  eoniained  in  the 
soil  is  aiisorbed  and  transmitted  more  or  less  slowly  to  the  stem,  yel  it  is 
well  known  thai  a  genial  warmtli  in  Ihe  soil  stimulates  the  roots  to  in- 
creased aeiivity.  The  practice  of  gardeners  in  applying  hottom  hea!  in 
the  artificial  cfimate  of  the  green-house  and  conservatory  is  founded  on 
this  well-known  principle. 

But  the  nature  of  the  soil  in  which  plants  grow  has  also  much  influ- 
ence on  the  way  in  which  the  functions  of  the  root  are  discharged.  As 
a  genera!  fact  this  also  is  weil  known,  though  the  special  qualities  of  the 
soil  on  which  the  greater  or  less  activity  of  vegetation  depends,  are  far 
from  being  generally  understood.  If  the  soil  contain  a  sensible  quantity 
of  any  substance  which  is  noxious  to  plants,  it  is  plain  that  their  roots 
will  be  to  a  certain  degree  enfeebled,  and  ibeit  functions  in  consequence 
oaly  imperfectly  discharged.  Or  if  the  soil  be  deficient  either  in  organic 
food,  or  in  one  or  other  of  those  inorganic  substances  which  the  plants 
necessarily  require  for  the  production  of  their  several  parts,  the  roots 
cannot  perform  their  office  with  any  degree  of  eflScieney.  Where  the 
necessary  materials  are  wanting  the  builder  must  cease  to  work.  So  in 
a  soil  which  contains  no  silica,  the  grain  of  wheat  may  germinate,  but 
he  stalk  cannot  be  produced  in  a  natural  or  bealtliy  state,  since  silica  is 
indispensable  to  its  healthy  cooalrueiion. 

II,  The  ascenl  of  the  sap  is  modified  chiefly  by  the  season  of  the 
year,  by  the  heat  of  the  day,  and  by  the  genus  and  age  of  the  plant  or 

There  seems  reason  to  believe  that  the  plant  never  sleeps,  that  even 
daring  the  winter  the  circulation  slowly  proceeds,  tboueh  the  first 
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genial  aunsliine  of  ibe  early  spring  alimulates  it  to  increased  activity. 
The  geilRral  increased  temperature  of  the  air  does  not  produce  this  ac- 
celeration in  ao  remarkable  a  manner  as  the  direct  rays  of  iheaun.  The 
aap  will  flow  and  circulate  on  the  side  of  a  tree  on  which  ihe  sunshine 
fells,  while  it  remains  sensibly  stagnant  on  the  olhec.  This  is  shown  by 
the  culling  down  similar  treea  al  more  and  more  advanced  periods  of 
the  spring,  and  immersing  their  lower  extremities  in  eobured  solutions. 
The  wood  and  bark  on  one  side  of  the  tree  will  be  coloured,  while,  on 
the  other,  both  will  remain  unsiained.  If  a  similar  diflerence  in  the 
comparative  rapidity  of  the  circulation  on  opposite  wdes  of  a  trunk  or 
branch  be  supposed  to  prevail  more  or  less  throughout  the  year,  we  can 
readily  account  for  the  annual  layers  of  wooil  being  often  thicker  on 
the  one  half  of  the  circumference  of  the  stem  than  on  the  other. 

The  sap  is  generally  supposed  to  flow  most  rapidly  during  the  spring, 
but  if  trees  be  cut  down  at  diSerent  seasons,  and  immersed  as  above 
described,  the  coloured  solution,  according  to  Bouehecie,  teaches  the 
leaves  most  rapidly  in  the  autumn." 

The  heat  of  the  day,  otlier  circumstajiees  being  the  same,  materially 
afiecta,  for  the  time,  the  rapidity  of  the  cireulaiion.  The  more  rapidly 
watery  and  other  vapours  are  exhaled  from  the  leaves,  the  more  quick- 
ly must  the  sap  flow  upwards  to  supply  the  waste,  ]f  on  two  succes- 
aive  days  tiie  lose  by  the  leaves  be,  as  in  the  experiment  of  Hales,  above 
described,  (p.  90,)  as  2  to  3,  the  ascent  of  the  sap  must  be  accelerated 
or  retarded  in  a  simitar  proportion.  Hence,  every  sensible  variation  in 
the  temperature  and  moisture  of  the  air,  must  also,  to  a  certain  eitteni, 
modify  the  flow  of  the  aap  i  must  cause  a  greater  or  less  transport  of  that 
food  which  Ihe  earth  supplies,  to  be  carried  to  every  part  of  the  plant, 
and  must  thus  sensibly  aflect  the  luxuriance  and  growth  of  the  whole. 

But  the  persistance  of  the  leaves  is  a  generic  character,  which  has 
considerable  influeuce  upon  the  circulation  in  the  evergreens.  In  the 
pine  and  the  hotly,  from  which  the  leaves  do  not  fall  in  the  autumn,  the 
sap  ascends  and  descends  during  all  the  colder  montlia, — at  a  slower 
rate,  il  is  true,  than  in  (he  hot  days  of  summer,  yet  much  more  sensibly 
than  in  the  oak  and  ash,  which  spread  their  naked  arms  through  the 
wintery  air.  This  is  illustrated  by  the  ejcperimenis  of  Boocherie,  who 
has  observed  that  in  December  and  January  the  entire  wood  of  resinous 
trees  may  be  readily  and  thoroughly  penetrated  by  (he  apontaneoua  as- 
cent of  saline  and  other  solutions,  into  which  their  stems  may  be  im- 
mersed. 

III.  From  what  has  just  been  slated,  it  will  appear  that  the  mechani- 
cal functions  of  the  stem  are  subject  to  precisely  the  same  influences  as 
the  ascent  of  the  sap.  \s  the  tree  advances  in  age,  the  vessels  of  the 
interior  will  become  more  or  leas  obliterated,  and  ihe  general  course  of 
the  sap  will  be  gradually  transferred  to  annual  layers,  more  and  more 

'  Boucharis  makes  h  dlsUnclion,  Dot  tiilheclo  lo^stod  upon  by  pbjeioloEisls,  between  Ihe 
olrouIilloD  on  Ibe  aarBust  of  Ihe  Oee  by  wtiioti  Ihe  buds  end  tduiii  Iwigs  mre  suuparled,  uid 
Iheialeilsr  clnulaOoD.wllldilanatpnfeomaUliilBlUr pertadoTlbgyeiK.  Hence  inthe 
9pr\ng,  tboiwh  Iha  iBii Is  ^wIde  isoldir  tJinnvh  (lie  berk  end  Ibe  oevesl  wopd,  coteured 
solnlluDS  win  Dol  penetaate  Ihe  btoifur  of  Uie  tree  wlUi  uj  degree  of  npldily.  In  eutunui, 
on  Ibe  olbei  IwihI— when  Ibe  fou  of  spproaohhig  wloler  hss  already  descended  upon  Uie 
bark— Ibe  Ume  of  most  Bellie  clniDlatlon  bus  only  aiilTed  for  Iba  Inlsrior  liyen  of  Ihe  older 

'  ■  ■  ■    ■  ■  *  ■     re  likely  to  presoVYe  them  from  iwaj.—Ann.  dt 


,c;>H,3ic 


removed  from  the  centre.  It  is  tliis  transference  of  the  vilal  circula- 
tion 10  newer  and  more  perfect  vessels  that  enables  (be  tree  to  grow  sad 
blossom  and  bear  fruit  through  so  long  a  life.  In  animals  the  vesseJa 
are  gradually  worn  out  by  incessant  action.  None  of  them,  through 
old  age,  are  permitted  to  retire  from  the  service  of  the  body — and  the 
■whole  system  must  stop  when  one  of  them  is  incapacitated  for  the 
further  performance  of  its  appointed  duties. 

In  regard  to  the  chemical  functions  of  the  stem,  it  is  obvious  thai  they 
are  not  assigned  to  the  mere  woody  matter  of  the  vessels  and  cells. 
They  lake  place  in  these  vessels,  but  ihe  nature  and  extent  of  the  chemi- 
cal changes  themselves  mttst  be  dependent  upon  the  quaaiiiy  and  kinds 
of  matter  which  ascend  or  descend  in  the  sap.  The  entire  chemical 
functions  of  the  plant,  therefore,  must  be  dependeni  upon  and  must  be 
modified  by  the  nature  of  the  substances  which  the  soil  and  the  ait  rc- 
epectively  present  to  the  roots  and  to,  the  leaves. 

IV.  In  describing  (he  functions  of  the  leaf,  1  have  already  had  occa- 
sion to  advert  to  the  greater  number  of  the  circumstances  by  which  the 
discharge  of  those  functions  is  most  materially  affected.  We  have  seen 
that  the  purposes  served  by  the  leaf  are  entirely  different  according  as 
the  suD  is  above  or  below  the  horizon ;  that  the  temperature  and  mois- 
ture of  the  air  may  indeed  maiertally  iofluence  the  rapidity  with  wbieh 
its  functions  are  dischargedr-bul.that  the  light  of  the  sun  actually  deter- 
mines their  nature.  Thus  the  leaf  becomes  green  and  oxygen  is  given 
off  in  the  presence  of  the  sun,  while  in  his  absence  carbonic  acid  is  dis- 
engaged, and  the  whole  plant  is  blanched. 

How  necessary  light  is  to  the  health  of  plants  may  be  inferred  from 
the  eagerness  with  which  they  appear  to  long  for  it.  How  intensely 
does  the  eun-flower  watch  the  daily  course  of  the  stm. — how  do  tin; 
countless  blossoms  nightly  droop  when  he  retires, — and  (he  blanched 
plant  strive  to  reach  an  open  chink  through  which  his  light  may  reach 

That  the  warmtk  of  the  sun  has  comparatively  little  to  do  with  this 
specific  action  of  his  rays  on  the  chemical  functions  of  the  leaf,  is  illus- 
trated by  some  interesting  experiments  of  Mr.  £junt,  on  the  efiect  of 
rays  of  light  of  different  colours  on  the  grawing  plant.  He  sowed  cress 
seed,  and  exposed  different  portions  of  the  soil  in  which  ihe  seeds  were 
germinating,  to  the  action  of  the  red,  yellow,  green,  and  blue  rays, 
which  were  transmitted  by  equal  thicknesses  of  solutions  of  these  seve- 
ral colours.  "After  ten  days,  there  was  under  the  blue  fluid,  a  crop  of 
cress  of  as  bright  a  green  as  any  which  grew  in  full  light  and  fnr  more 
abundant.  The  crop  was  scanty  under  the  green  fluid,  and  of  a  pale 
yellow,  unhealthy  colour.  Under  the  yellow  solution,  only  two  or  three 
plants  appeared,  but  less  pale  than  those  under  the  green, — while  be- 
neath the  red,  a  few  more  plants  came  up  than  under  the  yellow,  though 
they  also  were  of  an  unhealthy  colour.  The  red  and  blue  battles  being 
now  mutually  transferred,  the  crop  formerly  beneath  the  blue  la  a  few 
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days  appenred  blighted,  while  on  the  patch  previously  exposed  to  (lie 
red,  some  additional  plants  sprung  up."* 

Besides  the  rays  of  heal  and  of  light,  the  sun-beam  contains  what 
have  been  called  chemical  rays,  not  distinguishable  by  our  seases,  but 
capable  of  being  reci^nized  by  the  chemical  effects  they  produce. 
These  rays  appear  to  difffer  in  kind,  as  ihe  rays  of  different  coloured 
light  do.  Il  is  to  the  action  of  these  chemical  rays  on  the  leaf,  and 
especially  to  those  which  are  associated  with  the  blue  light  in  the  solar 
beam,  that  the  chemical  influence  of  the  sun  on  the  functions  of  the  leaf 
is  principally  to  be  ascribed. 

It  cannot  be  doubled  that  the  Warmth  and  moisture  of  a  tropical  cli- 
mate act  as  powerful  etiinulams — assistants  it  may  be — to  the  lea£  in 
(he  absorption  of  carbonic  acid  from  Ilie  air,  and  in  that  rapid  appropEia- 
tion  (assimilation)  of  its  carbon  by  which  the  growth  of  the  plant  is  has- 
tened and  promoted.  But  the  bright  sun,  and  especially  the  chemical  in- 
fluence of  his  beams,  ttiustbe  tegarded^the  main  agent  in  the  wonderful 
developiceht  of  a  tropical  vegetation.  Under  ibiS  influence  the  growth 
by  the  leaves  at  the  eupense  of  the  air  must  be  materially  increased, 
and  the  piani  be  rendered  less  dependent  upon  the  root  and  tlie  Soil  for 
the  food  en  which  it  lives.} 

V.  The  rapidity  with  which  a  plant  grovra  has  an  imporlant  infiuenee 
upon  the  share  which  the  bark  is  permitted  to  take  ih  the  general 
nourishment  of  the  whole.  The  green  shoot  performs  in  some  degree 
the  functions  of  the  leaf.  In  vasoulsr  plants,  therefore,  which  in  a  con- 
genial climate  may  almost  l>e  seen  to  grow,  the  entiCe  rind  of  a  lal!  tree 
may  more  or  less  effectlially  absorb  carbonic  acid  from  the  atmosphere, 
during  the  presence  of  the  sun.  The  broad  leaves  of  the  palm  tree, 
when  fully  developed,  render  the  plant  iu  a  great  degree  independent  of 
the  soil  for  organic  food — and  the  large  amount  of  absorbing  surface  in 
the  long  green  tender  stalks  of  the  grasses,  and  of  their  tropical  ana- 
logues, most  materially  contribute  to  the  same  end.  Hence  the  jiro- 
portion  of  organic  tnatter  derived  from  the  air,  in  any  crop  we  reap, 
must  always  be  the  greater  the  more  rapid  its  general  vegetation  lias 


It  is  a  fact  familiarly  known  to  all  of  yon,  that,  besides  those  eircura- 
stanees  liy  which  we  can  perceiTe  the  special  functions  of  any  one  or- 
gan to  be  modified,  there  are  many  by  which  the  entire  eeonoiny  of  the 
plant  is  materially  and  simultaneously  affected.  On  this  fact  the  prac- 
tice of  agriculture  is  (bunded,  and  the  various  processes  adopted  by  the 
practical  farmer  are  only  so  many  modes  by  which  be  hopes  to  influ- 

^ItHtTpj  1&40. 

9iiE3ge  in  gl^ng  liot-houaea,  conaerva- 

iDus  weitllier,  thiijoungnlanlsaresIiINitlneriipldly  up.  '  Wtiea 
lony  hedge  running  iieuV  norlli  and  sgulh,  tlieil  luesneure^t 
I  beiD  the  shade  tor  nearly  one-helforihe  day,  and  will  imatM. 
nd  less  healthy  colour.    If  thohedgebe  studded  wllh  nccutlDnil 
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eoce  and  promote  the  growth  of  the  whole  plant,  and  the  discharge  of 
the  funciiona  of  all  iis  parta. 

Though  manures  in  the  soil  net  immediately  ihroogh  the  roots,  they 
Etimulttte  the  growth  of  the  entire  plant;  and  though  the  application  of 
a  top-dressing  ma^  be  supposed  first  to  affect  the  leaf,  yet  the  beneficial 
result  of  the  experiment  depends  upon  the  influence  wbicli  the  dressing 


further  advert  to  a  very  remarkable  fact  mentioned  by  Sprengel,  which 
seems,  if  correct,  to  be  susceptible  of  important  practical  applications. 
He  states  that  it  has  very  frequently  been  observed  in  Holstein,  that  if, 
on  an  extent  of  level  ground  sown  with  corn,  some  fields  he  marled,  and 
others  left  unmarled,  the  corn  on  the  latter  portions  wilt  grow  less  luxuri- 
an&y  and  will  yield  a  'poorer  cri^  than  if  the  'okole  had  been  ■unmarled. 
Hence  he  adds,  if  the  occupier  of  the  unmarled  field  would  not  have  a 
succession  of  poor  crops,  he  must  mari  his  land  also." 

Can  it  really  be  that  nature  thus  rewards  the  diligent  and  the  impro- 
ver 1  Do  the  plants  which  grow  on  a  soil  in  higher  condition  lake  from 
the  air  more  than  their  due  share  of  the  carbonic  acid  or  other  vegetable 
food  it  may  contain,  and  leave  to  the  tenants  of  the  poorer  soil  a  less  pro- 
portion than  they  might  otherwise  draw  from  it  ?  How  many  interest- 
ing refiedions  does  such  a  fact  as  this  suggest !  What  new  views  does 
it  disclose  of  the  fostering  care  of  the  great  Contriver — of  his  kind  encour- 
agement of  every  species  of  virtuous  labour !  Can  it  fail  to  read  to  us  a 
new  and  special  lesson  on  the  benefits  to  be  derived  from  the  application 
of  skill  and  knowledge  to  the  cultivation  of  the  soil  ? 

•  Wennnamliehiuif  elnerPeldaurBiHcfc  nm  Sttiofc  gemetgell  wordea  ist,  bo  waohsen 
dlaFruoMe  aufden  niolil  gamerielieo  Feldern,  auoh  wean  hieralle  friiheren  verhSliniasa 
etax  dlS:aelbsD  blelbaa.iHiililiDsSrKiiut,  ftis  ehedam;  wdurcti  die  Bestizerjener  Pelder, 
wsun  eJs  nlobl  fiinw£hrsDd  geiingB  Brndlen  lubon  wolleo,  g«nUlhl«l  sind,  ^Isiihfalls  zu 
meiEeln.  Aua  dlsisr  Mobsl  rletuiBBd  Qrschelnuiw.  die  man  i^trh&^ia  HolateinBchen 
bemerkt,  Ac*-%sauiA,aiaMtpirLiBidaittlitehqfl,  L,  p.  SOS. 
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ibalaneca  of  which  planla  clilefly  consist— Woody  fibre,  Slarch,  Gum,  Bugara— Their  tnQ. 
iSllc,  Cilrio^anrt  Oi^io  Acids^General  obaetvatlooa. 

From  whai  has  been  slated  regarding  the  structure  of  planls,  it  will  be 
;indersloodin  what  way  the  food  is  inrroduced  into  their  circulation.  The 
:;ext  inquiry  appears  to  be  how — by  what  chemical  changes — isthefood, 
when  introduced,  converted  into  (hose  substances  of  which  plants  chiefly 
consist.  Bui  in  order  (hat  we  may  clearly  undersiand  this  point,  it  la 
nenessary  that  we  know  first  the  nature  and  chemical  constitution  of  the 
substances  which  are  most  largely  formed  from  (he  food  in  the  interior 
of  the  plant.     To  this  point,  therefore,  I  must  previously  direct  your 


If  you  were  to  collect  all  the  varieties  of  plants  which  are  within  your 
reach — whether  such  as  are  cultivated  and  used  for  food— or  such  as 
grow  more  or  less  abundantly  in  a  wild  state — and  were  to  extract  theii 
several  juices,  and  to  separate  from  each  of  these  Juices  the  chemical 
compounds  it  contains — you  would  gradually  gather  together  so  many 
different  substances,  all  possessed  of  different  properties,  that  you  would 
scarcely  be  able  to  number  ibem. 

Bui  if  at  the  same  time  you  compared  the  weight  of  each  substance 
thus  collected  with  that  of  the  eniire  plant  from  which  it  isderived,  you 
would  find  also  that  the  quantity  of  many  of  them  is  comparatively  so 
minute  that  only  a  very  small  portion  of  the  vital  energies  of  the  plant 
3an  be  expended  in  producing  ihera, — that  ihey  may  be  entirely  neglect- 
ed in  a  general  consideration  of  the  great  products  of  vegetation.  Thus 
though  quinine  and  morphine,  the  active  ingredients  in  Peruvian  bark 
and  ID  opium,  are  most  interesting  substances,  from  (heir  effect  upon  the 
human  constitution,  and  (heir  use  in  medicine,  yet  they  form  so  small  a 
fraction  of  the  mass  of  the  entire  trees  or  plants  from  which  they  are  ex- 
tracted, that  it  would  he  idle  to  attempt  to  convey  to  you  any  notion  of 
which  plants  grow  and  are  fed,  by  showing  you  how  such 
IS  these  are  produced  from  the  food  on  which  plants  live. 

While,  however,  the  examination  would  satisfy  you  that  almost 
every  species  of  plant  produced  in  small  quantity  one  or  more  sub- 
stances peculiar  to  itself,  you  would  observe,  at  (he  same  time,  that 
every  plant  yielded  a  certain  quantity  of  two  or  three  subsiances  com- 
mon to  and  produced  by  all,  and  in  most  cases  constituting  the  greater 
portion  of  their  bulk.  Thus  all  trees  and  herbs  produce  wood  or  woody 
fibre,  and  of  this  substance  yon  know  ihat  their  chief  bulk  consists. 
Again,  all  the  grains  and  roots  you  cultivate  contain  starch  in  large 
quantity,  and  the  production  of  this  starch  is  one  of  the  great  objects  of 
the  art  of  culture.  The  juices  of  trees,  and  of  grasses,  and  of  cultivated 
roots,  contain  sugar  and  gum,  and  sometimes  in  such  quaniLty  as  to 
make  their  extraction  a  source  of  profit  both  to  the  grawer  ana  to  the 
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manufacturer.  The  flour  of  grain  contains  sugar  also,  and  along  with  it 
two  other  substances,  in  small  quantity,  gluten  and  vegetable  albujnev, 
which  ore  iif  much  importance  in  reference  to  the  nutritive  qualities  of 
the  diflerenl  varieties  of  flour.  Sugar  is  also  present  in  the  Juices  of 
fruits,  but  it  is  ihere  associated  wiih  various  add  (sour)  substances 
which  disappear  to  a  certain  extent  or  change  into  sugar  as  the  fruit 

Of  these  few  subalancea  the  great  bulk  of  vegelables  of  all  kinds  con- 
sists- They  constitute  nearly  the  whole  mass  of  tljose  various  crops 
which  the,ari  of  culture  studies  to  raise  for  the  use  of  man  aad  beast. 
To  the  study  of  these  substances,  therefore,  I  shall  at  present  confine 
your  atteution,  and  if  I  shall  afterwards  be  able  to  make  you  under- 
stand how  these  few  compound  bodies  are  produced  in  ihe  interior  of  a 
,  plant  from,  the  food  it  takes  up,  I  shall  succeed  in  conveying  to  you  as 
much  infiirmalion  in  regard  to  this  moai  interesting  branch  of  our  subject 
as  will  be  necessary  (o  a  general  explanation  not  only  of  the  natural 
growtb  and  increase  of  plants,  but  of  the  oalure  and  efficacy  of  those 
artificial  means  which  the  practical  farmer  employs,  in  ortJet  to  hasten 
their  growth  or  enlarge  iheit  increase. 

§  1.  Woody  fibre  or  lignin — its  conslitatuin  and  properties. 
1°.  When  a  porfion  of  ihe  stem  of  a  herbaceous  plant,  or  of  the  new- 
ly cut  wood  of  the  trunk  or  branch  of  a  tree,  is  reduced  to  small  pieces, 
and  boiled  in  successive  poriionsof  water  and  alcohol,  as  long  as  any 
thing  is  taken  up,  ^  while  fibrous  mass  remains,  to  whit^h  the  name  of 
woody  fibre  or  lignin  has  been  given.  This  substance  has  no  taste  oi 
smell,  sod  ia  perfectly  insoluble  in  water.  It  is  nearly  identical  in  its 
chemical  conaliiulion  and  propenies.  whether  it  be  obtained  from  the 
porous  willow,  or  from  the  solid  box  tree,  and  the  fibres  of  linen  and  of 
collon  consist  essenciaily  of  the  same  substances. 

According  to  the  analysis  of  Dr.  Proui,  this  woody  fibre  when  dried 
at  350°  F-,  consists  of 

From  Box  Wood.  From  the  Willow. 

C     b  .      .      50-0  49-8 

Hyi    R  .     .       5'55  5-59 

O  y  •     •     44-45  44-62 

100  100 

It  will  i)  11       d  1  at  water  consists  of  oxygen   and  hydrogen, 

combined        h    p    p  by  weight,  of  8  of  the  former  to  1  of  the  lat- 

ter.    (See  Le  I!  ,  p   36.)     Now  if  the  hydrogen  above  given  be 

multiplied  by  8,  the  product  will  be  found  to  be  almost  exactly  the 
weight  of  the  oxygen  given — since 

5-55  X  8  =  44-40,  and 
5-58  X  8  =  44-64. 
In  woody  fibre,  therefore,  the  hydrogen  and  oxygen  exist  in  the  same 
proportion  as  in  water,  and  its  compositioD,  therefore,  might  be  repre- 
sented by 

Carbon 50-0 

Water 50-0 


100 


H-glc 


did  we  not  know  IHal  woody  fibre,  when  heated  or  distilled,  cannot  be 
resolved  into  carbon  (charcoal)  and  water  alone,  and,  therefore,  cannot 
be  supposed  to  consist  of  ihese  alone. 

It  is  a  remarkable  character  of  this  substance,  however,  thai  tbeeelwo 
elements,  hydrogen  and  oxygen,  exist  in  il  in  ihe  proportions  to  form 
water,  and  we  shall  find  the  knowledge  of  this  fact  of  great  imporiance 
to  Its,  when  we  come  to  inquire  how  this  conslilueiit  of  vegetables  is 
formed — from  the  food  on  which  they  live. 

2°.  If  a  portion  of  the  w6od  of  a  tree  be  dlied  and  analyzed  without 
being  previoiisly  digested  in  water,  alcohol,  and  ether,  as  long  as  any 
thing  is  taken  up,  the  propoitiiJo  of  the  constituenis  is  found  to  vary 
slightly  with  ibe  species  of  tree,  but  in  all  oaaes  the  hydrogen  is  in  larger 
quantity  than  is  necessary  (o  form  water  with  the  oxygen  they  contain. 
Thus,  according  lo  Payen,  the  dry  wood  of  the  following  trees  consista  of 

Carbon      .     .     .     52-65  61-92  50-00  49-25 

Hydrogen      .     .       6-00  5  96  6-20  6-10 

Oxygen     .     .     .     41-15  42'12  43-80  44-65 

100  100  !00  100 

The  carbon  in  these  several  kinds  of  wood  differs  as  much  as  three 
percent.,  but  in  each  of  them  the  product  of  the  hydrogen,  when  mulli 
plied  by  8,  is  considerably  greater  than  the  per  ceniage  of  oxygen. 

3°.  When  the  solid  substaaee  of  wood  is  examined  under  the  micro- 
scope it  is  observed  to  consist  of  two  portions  or  kinds  of  matter,  that  of 
which  ihe  original  sides  of  the  cells  and  tubes  is  composed,  called  the 
cellular  matter — the  true  woody  fibre — and  of  a  solid  substance  by  which 
the  cells  are  inlelTially  coated  and  strengthened,  called  the  inerastmg 
fnatter.  It  is  in  this  latter  substance  that  the  excess  of  hydrogen,  exhi- 
bited by  the  preceding  analysis,  is  supposed  to  exist,  the  true  woody 
fibre  containing  always  the  hydrogen  and  oxygen  in  the  proportions  ne- 
cessary to  form  water.* 

proposed  Ihe  aaat  ot 9ciffr9gett3.  Hisfirsr  tuodoof  aepoTdllng  il  trom  lite  colLiilar  martyr 
vbs  by  treaUiw  iha  fiue];r  rasped  wood  (of  tb^  oah  aod  beech)  with  nllrEo  d£li\,  which  dls- 

(o  digest  the  v^xA  with  dLlnte  snlphiiilc  add.  bj  whL(^  tlia  c^lular  loatler  was  dlesolvoil 
oiU,  Had  the  InerqalbV  mider  left.  It  Is  abrlons,  howerar,  IhU  do  rshaaes  whUerer  can  Ik 
placed  afi  the  atUIVeesOfsubsUilosa  bo  treated,  alHCe  Iher  caohot  Ikll  to  haVe  lindergone  a 
ehemleal  almi£e  ojbelriirentoaad  tii  the  jetton  of  IheaeBiroRgaflldi.  ^rther.eiuuhiaffoa 
has  KUIaSed  Psv^  that  the  iDCTuatlDE  matter  cohilata  of  at  least  ihrtt  aabsliilces,  o(  whtch 
Diie  Is  sUluble  In  nater,  alcohol,  and  ether,  another  In  akotiol  onW,  whll^the  (hlrd  Is  Insalu- 
ble  Id  any  of  these  llqiUds.    Thaj  are  composed,  according  to  bis  anafysefl^  of 
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It  is  exceedingly  difficnlt  in  any  ease  to  separate  the  cellular  from  the 
incrusting  matter  of  wood,  so  as  to  obtain  tho  means  of  determining  by 
analysis  [ha  exact  difierence  in  ibeir  elementary  constitution.  Under 
the  impression  that  in  very  light  and  porous  substances  !ie  should  ob- 
tain the  cellular  matter  in  a  purer  form,  Payen  analysed  the  fibre 'of 
cotton — the  pith  of  the  elder,  the  cellular  substance  of  the  cucumber,  of 
the  mushroom,  and  of  other  fungi,  the  spongy  matter  which  forms  the 
estremitiesof  the  roots  of  plants,  and  various  other  similar  substances, 
and  in  all  these  varieties  he  found  the  hydrogen  and  oxygen  to  exist  in 
the  proportions  to  form  water.  The  mean  of  his  analyses  was  very 
nearly  as  follows — wliich  for  the  purpose  of  comparison  I  shall  contrast 
with  thatof  Dr.  Proui: 


Carbon     .     . 

.     50-00 

Hydrogen     . 

.       5-55 

Oitygen    .     . 

.     44'45 

100  100» 

In  both  these  analyses  the  hydrogen  is  very  nearly  8  times  that  of 
the  oxygen.  All  these  substances,  therefore,  may  be  represented  by 
carbon  and  water,  though  the  woody  fibre  of  Dr.  Prout  coataina  6  per 
cent,  more  carbon  than  the  cellular  matter  of  Payen. 

If  we  calculate  the  number  of  equivalents  of  each  element  contained 
in  these  two  varieties!  "f  vegetable  fibre  composed  as  above  exhibited, 
we  find  in  the  one  12  of  carbon,  8  of  hydrogen,  and  8  of  oxygen ;  in 
the  other,  19  of  carbon,  10  of  hydrogen,  and  10  of  oxygen.  They  may 
therefore,  be  conveniently  represented  by  the  following  form ulse  : 

Woonr  Fibre by  C,a    H,     Cj 

Ceiliilar  Fibre,  ...  by  C,a  H,o  C,„ 

It  !s  not  unlikely  that  both  of  these  forma  of  matter  may  exist,  as 

well  in  the  perfect  wood  of  trees  as  in  the  less  consofidated  pith  of  the 

elder,  or  in  the  fibres  of  cotton — and  that  they  may  occur  intermingled 

also  in  varying  ptoporliooa  with  other  substances,  containing  hydrogen 

ID  ila  natural  stale,  is  a,  fad  lo  nhich  it  will  ba  Important  to  adven  when  wo  onnsider  here 
aner  [ho  chemical  changes  which  the  food  undeijoesin  Ihe  inlerioroflhi)  plant 

"  Meyeo's  JaiiresteriiM,  1839,  p.  10. 

t  This  la  done  very  simply  by  ditiding  llie  cartjon  bj  6,  and  the  ojygen  by  e(aee  page 


ar  fiBie  Identical  In 


US  Ihia  of  Payen  is,  (see  aubaeqiient  secllon,  p.  106,)  was  preilously  rendered 
Ihe  observuJons  nr  Dr.  BBhleiden,  |liat  Ihe  embryo  of  the  SiMtia  ItomHa,  i 
IKuesand  vessels,  the  sides  of  which  uhlbit  disiinet  Coocenuric  lajreni, la  end 
In  water,  will)  the  eiceptioD  of  the  outer  rind ;  s^  that  its  aolUUon  f       ' 
addlilid  of  Iodine.    II  would  ftppear  aa  If  the  oelhilar  aiitastatiM  Wtt^ 
composed  of  asrch.    (AwokjIh-J^  jliwoian,  xlitl,  p.  Sgs.)   ICnwr,! 
slate  of  tennlty  Id  Ihe  eaiirso  "t  Ihts  plan^  as  uhe  eael^  cbanged^t 


latera,  la  eatlTYjly  aotuble 

...       ..... (^g      ^      y,g 


of  uxody  fiArSj  otarch.  gwn,  taid  eugar,  p.  112.) 


. ..  ftai  the  oeUniM  fibre  aiiaJjzed  bJ  Payen 

chanfo  by  Che  treatment  Co  whtcb  it  was  pTeviouaty  anhjecL. 


JOG  PER    CENTAGB  OF  IVOOBT  FIBUB  O  PtANTS. 

I  have  epokeo  of  lliese  varieties  of  woody  fibre  as  conslituling  a  largo 
portion  of  the  entire  mass  of  vegetable  matter  produced  during  iIjb 
growth  of  plants.  That  such  is  the  case  in  the  more  gigantic  vegetable 
productions,  of  which  the  great  forests  consist,  is  sufficiently  eviden! 
and  so  far  the  general  statement  is  easily  seen  lo  he  correct.  It  is  alsr. 
true  of  the  dried  stalks  of  the  grasses  and  the  corn-growing  plants,  of 
which  it  forms  nearly  one-half  the  weight, — but  in  roots  and  some 
plants  which  are  raised  for  food,  the  quantity  of  woody  fibre,  especially 
in  the  earlier  stages  of  their  growth,  is  comparatively  email.*  Thus  in 
the  beet  root  it  forms  only  3  per  cent,  of  the  whole  weight  when  taken 
from  the  ground.  If  snSered  to  remain  in  the  soil  till  it  becomes  old, 
or  if  the  growth  be  very  slow,  the  beet  becomes  more  woody,  as  many 
other  mots  do,  and  the  quantity  of  ligneous  fibre  increases. 

§2.  Starch — He  constitution  and  properties. 

Next  to  wondy  fibre, .starch  is  probably  the  most  abundant  product  of 
vegetation.  To  the  agricuUurist  it  is  a  substance  of  much  more  interest 
and  importance  than  the  woody  or  cellular  fibre,  from  the  value  it  pos- 
sesses as  one  of  the  staple  ingredients  in  the  foodof  inaD  and  animals — 
and  from  its  forming  a  large  portion  of  the  weight  of  the  various  grains 
and  roots  which  are  the  principal  objects  of  the  art  of  culture. 

1°.  When  the  flour  of  wheal,  barley,  oats,  Indian  corn,  &e.,  is  mixed 
up  into  a  dough  with  water,  and  this  dough  washed  on  a  linen  cloth 
with  pure  water,  a  milky  liquid  passes  through,  from  which,  when  set 
aside,  a  white  powder  gradually  falls.  This  white  powder  is  \he  starch 
of  wheaten  or  other  flour. 

a°.  When  the  pith  of  the  sago  palm  is  washed,  in  a  similar  manner, 
with  water  upon  a  fine  sieve,  a  white  powder  is  deposited  by  the  milky 
liquid  which  passes  through.  This,  when  collected,  forced  through  a 
metal  sieve  to  granulate  (or  corn)  it,  and  dried  by  agitation  over  the 
fire,  is  the  sago  of  commerce. 
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3°.  "When  tlie  raw  potalo  is  peeled  and  grated  on  a  fine  graier,  and 
llie  pulp  thus  produced  well  washed  with  water,  potato  starch  is  ob- 
lained  in  the  form  of  a  fine  white  powder,  consisting  of  rounded,  glossy 
and  shining  particles. 

i°.  When  the  roots  of  the  Maranta  Arundinacea  of'the  West  India 
Islands  are  grated  and  washed  like  the  potatoe,  they  yield  (he  arrow 
root  of  eommeree.  From  the  root  of  the  Manioc,  the  ctwsaru  U  pro- 
cured by  a  simiJar  process,  and  ibis,  when  dried  by  agitation  on  a  hot 
plate,  is  the  lapioca  of  the  shops.  By  this  method  of  drying,  both  saeo 
and  lapiooa  undergo  a  partial  change,  which  will  be  explained  in  a  sul>- 
seouent  section  (see  p.  113.) 

The  substances  lo  which  these  several  names  are  given  are,  when 
pure,  similar  in  (heir  properties,  and  identical  in  their  chemical  cousti- 
tulion.  They  are  all  colourless,  tasteless,  without  smell,  when  dry 
and  in  a  dry  place  may  be  kept  for  any  length  of  lime  without  under- 
going alteration,  are  insoluble  in  cold  water  or  alcoliol,  dissolve  readily 
in  boiling  water,  giving  a  solution  which  gelatinizes  (becomes  a  jelly) 
on  cooling — and  in  a  cold  solution  of  iodine*  ihey  all  become  blue. 

When  dried  at  212°,  they  consist,  according  to  Dr.  Prout,  with  whose 
analysis  those  of  other  chemists  agree,  of 

Carbon 44'0  per  cent.,  or  12  atoms. 

Hydrogen      ....       6-2  percent.,  or  10  atoms, 
Oxygen 49'8  per  cent.,  or  10  atoms. 

100 
Starch,  therefore,  may  be  represented  by  the  formula  Cia  H,,,  O,,,, 
whieh  is  identical  with  that  deduced  in  the  preceding  section  for  the 
cellidar  fibre  of  Payen.  Both  substances,  therefore,  contain  the  same 
elements  (carbon,  hydrogen  and  oxygen),  united  in  the  same  propor- 
tions, and  in  both,  as  well  as  .in  the  common  fibre  of  wood,  the  hydrogen 
and  (ixygen  exists  in  the  proportion  to  form  water. 

That  starcli  constitutes  a  large  portion  of  the  weight  of  grains  and  roots, 
usually  grown  for  (bod,  will  appear  from  the  following  table,  which  ex- 
hibits the  quantity  present  in  100  lbs.  of  each  substance  named  : 
Starch  por  cent. 

Wheat  flour 39  to  77 

Rye        " 50  to  Gl 

Barley    " 67  to  70 

Oatmeal 70  fo  80 

Rice  flour 84  to  S5 

Maize  " 77  10  80 

Buckwheat 52 

Pea  and  Bean  meal 43  to  43 

Potatoes,  containing73to78ofwater,        .     13  to  15 

It  thus  exists  most  largely  in  the  seeds  of  plants,  and  in  some  roots. 

It  is  frequently  deposited,   however,  among  the  woody  fibre  of  certain 

trees,  as  in  that  of  the  willow,  and  in  the  inner  bark  of  others,   as  in 

■  Tudlne  Is  a  solid  sntiBUnca.  of  s  lead  grej  colour,  poasesaed  of  a  peculiar  powBtlbl 
vrater,  and  Id  Bome  msrbie  planu.    Its  soluLton  in  naUr  readilj'  sbona  tlie  ineBcnss  af' 


those  of  the  beech  and  the  pine.*  Hence  the  readiness  with  which  a 
branch  of  the  willow  takes  root  and  spioins,  and  hence  also  the  occa- 
sional useof'the  inner  bark  of  trees  for  food,  especially  in  northern  coun- 
tries, and  in  timea  of  scarcity.  In  some  roots  which  abound  in  sugar, 
as  in  those  of  the  beet,  the  turnip,  and  the  carrot,  only  2  or  3  per  cent, 
of  starch  can  be  detected. 

§  3.  Gum — its  constitution  and  properties^ 

The  variety  of  gum  wiih  which  we  are  most  familiar  is  gum  araUc, 
or  Senegal,  the  produce  of  various  species  of  aeacia,  which  grow  in  the 
warmer  regions  of  Asia,  Africa,  and  America.  It  exudes  from  (he 
twigs  and  Stems  of  these  trees,  and  collects  in  rounded  more  or  less 
transparent  drops  or  tears.  It  is  also  produced  in  smaller  quantiiiea  ui 
many  of  our  fruit  trees,  as  the  apple,  Ih^  plum,  and  the  cherry  ;  it  is 
present  in  some  herbaceous  plants,  as  in  the  althxa  and  malva  officinalis 
(combion  and  marsh  mallow);  and  it  oxisis  in  lint,  rape,  and  many 
other  seeds.  When  treated  with  boiling  water  these  plants  and  seeds 
give  niucilsginous  solutions. 

Many  varieties  of  gum  occnf  in  nature,  but  they  are  all  characterised 
by  being  insoluble  in  alcohol,  by  dissolving  or  becoming  gelatinous  in 
hot  or  cold  wSteri  and  by  giving  mucihtginoiis~~viscid  and  glutiaoue — 
solutions,  Which  may  be  employed  as  a  paste. 

Three  distinct  species  of  gum  have  been  recognised  by  chemists ; 

1°.  Arabiit — of  which  sum  arabic  and  gum  Senegal  almost  entirely 
consist.  It  is  readily  soluble  in  cold  luater,  giving  a  viscid  solution,  usu- 
ally known  by  the  name  of  the  mucilage  of  gum  arabic. 

2°.  Cerasin — which  exists  in  the  gum  of  the  cherry-tree.  It  is  inso 
luhle  in  cold  water,  but  dissohies  readily  in  boiling  water.  When  thus 
dissolved  it  may  be  dfied  without  losing  its  solubility,  and  is  therefore  by 
boiling  supposed  to  be  changed  into  arabin. 

3°.  Bassorin — existing  in  what  is  called  bassora  gum — and  forming 
a  large  portion  of  gum  iragacanth.f  It  swells  and  becomes  gelatinous  in 
cold  water,  but  does  not  dissolve  in  water  either  cold  or  hot. 

By  these  characters,  the  three  iiindS  of  gum  are  not  only  readily  dis- 
tinsiiished,  but  may  be  easily  separated  from  each  other.  Thus  if  a 
native  gum  or  an  artificial  mixture  contain  all  the  three,  simple  steeping 
in  and  subsequent  washing  with  cold  water,  will  separate  the  arabin — 
boiling  water  will  then  take  up  the  cerasin,  and  the  iassoriw  will  remain 
behind. 

These  different  kinds  of  gum  all  possess  the  same  chelnical  constitu- 
tion.    According  to  the  analyses  of  JUulder,  they  consist  of 
Carbon     .     .     ,     45-10  per  cent.,  or  112  atoms. 
Hydrogen      .     .       6-10        "  or  10      " 

Oxygen    .    .    .    49'80t     "  or  10      " 

100 
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la  these  analyses,  as  in  those  of  starch  and  woody  fibre,  we  see  tliat 
tlie  per  centage  of  oxygen  is  equal  lo  ihatof  ilie  hydrogen  inuliipliedby 
8,  and  consequently  that  these  Iwo  elements  are,  as  already  stated,  in 
the  proportion  to  form  water.  Btit  we  see  also  that  the  carbon  is  in  the 
proportion  of  19  atoms  or  equivalents  to  10  of  each  of  the  other  con- 
stituents, and  therefore  gum  may  be  represented  by  C^  H,  „  O, , — a 
formula  which  is  identical  with  that  already  given  for  starch  and  cellu- 
lar fibre. 

It  appears,  iherelbre,  that  not  only  may^m,  starch,  and  cellular Jihre  be 
represented  by  carbon  and  water,  but  that  they  all  consist  of  carbon  and 
the  elements  i^  water,  united  together  in  tke  same  projmrtioJts. 

Gum  not  only  exists  in  many  seeds,  and  exudes  as  a  natural  product 
from  the  stems  and  twigs  of  many  trees,  hut  is  also  contained  in  the 
juices  of  many  otter  trees,  from  which  it  is  not  known  to  exude  ;  and  in 
the  sap  of  most  plants  it  may  be  detecled  in  greater  or  less  quantity.  It 
may  be  considered,  indeed,  as  one  of  those  substances  which  are  pro- 
duced most  largely  and  most  abundantly  in   the  vegetable  kingdom, 

through  which  organic  matter  passes  in  the  interesting  series  of  changes 
!S  during  the  development  and  growth  of  the  plant. 


§  4.  Of  Sugar — ilsvarieties  and  cfeemiea!  a 

1°.  Cane  Sugar- — Sugar,  identical  in  constilulion  and  properties  with 
that  obtained  from  the  sugar-cane,  and  generally  known  by  the  name  of 
cone-sugar,  exists  in  the  juices  of  many  trees,  plants,  and  roots.  In  the 
United  Slates' of  North  America  the  juice  of  (he  maple  tree  is  extensive- 
ly collected  in  spring,  and  when  boiled  down  yields  an  abundant  supply 
of  sugar.  In  the  Caucasus  that  of  the  walnut  is  extracted  for  the  sanie 
purpose.  The  juice  of  the  birch  also  contains  sugar,  and  it  may  be  ob- 
tained, in  lesser  quantity,  from,  the  sa])  of  many  other  (rees.  In  the 
juice  of  the  turnip,  carrot,  and  beet,  it  is  also  present,  and  in  France  and 
Germany  the  latter  root  is  extensively  cultivated  for  the  manufacture  of 
beet  sugar.  In  (he  unripe  grains  of  corn,  at  (he  base  of  (he  Sowers  of 
many  grasses  and  clovers  when  in  blossom,  and  even  in  many  small 
roots,  as  in  that  of  the  quicken  or  couch-grass  (irilicum  repens);  the  pre- 
sence of  sugar  may  likewise  be  readily  detected. 

Sugar  i^  principally  distinguished  by  its  agreeable  sweet  taste. 
When  pure,  it  is  colourless  and  free  from  smell.  It  dissolves  readily 
in  alcohol  and  in  large  quanliiy  in  water.  The  solution  in  waier,  wheu 
much  sugar  is  present,  has  an  oily  consistence,  and  is  known  by  (he  name 
of  syrup.  From  this  syrup  the  sugar  gradually  deposits  itself  in  ilie 
Torni  of  sKgar  candy.  If  the  syrup*  be  boiled  on  too  hot  a  fire,  it  chars 
slightly,  becomes  discoloured,  and  a  quantity  of  molasses  is  formed. 
Pure  cflJie-sugar,  free  from  wafer,  consists  of 

Carbon     .     .     .     4492  per  cent.,  or  12  atoms. 
Hydrogen      .     .       fi'll  "         or  10      " 

Oxygen    .     .     .     43-97  "         or  10      " 

100 
tf  we  compare  these  numbers  wilh  ihose  given  for  starch  and  gum  in 
the  preceding  sections,  we  see  lliat  (hey  are  almost  identical — so  ibat 

...   .C^ooglc 
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caae-Bugar  also  crjotaica  oxygen  and  hydrogen  in  the  proportions  to  form 
water,  and  may  likewise  be  reitresemed  by  the  formula  G, 3  H,^  0,o. 

2°.  Orape  sugar. — In  ihe  juice  of  die  grape  a  peculiar  species  of  su- 
gar exists,  which,  in  the  dried  raisin,  presents  itself  in  the  form  of  little 
rounded  grains.  The  same  Itind  of  sugar  gives  iheir  sweetness  to  the 
gooseberry,  the  curranf;  the  apple,  pear,  plum,  npricot,  and  most  other 
fruits.  It  is  also  the  sweet  substance  of  the  chesnut,  of  the  brewers' 
wort,  and  of  all  fermented  lic[uors,  and  it  is  the  solid  sugar  which  floats 
in  rounded  grains  in  liquid  honey,  and  which  increases  in  apparent 
quantity  as  the  honey,  by  keeping,  becomes  more  and  more  solid. 

Grape  sugar  has  nearly  aU  ilie  sensible  characters  of  cane  sugar,  with 
the  exception  of  being  less  soluble  in  water  and  also  less  sweet, — 2  pans 
of  the  latter  Imparling  an  equal  sweetness  with  5  of  the  former. 

In  chemical  constiiutibn  they  differ  considerably.  Thus  grape  sugai 
dried  at  250°  F.,  consists  of 

CarboTi     .     ■     .     iO-iV  per  cent.,  or  12  atoms. 
Hydrogen     .     .       6-59         "  or  12      '• 

Oxygeti   .     .     .     53'94         "  or  12      " 

100. 

Tlie  OKygeu  here  is  still  eight  times  greater  than  the  hydrogen,  and. 
therefore,  ui  this  variety  of  sugar  also,  these  elements  exist  in  the  pro- 
portionfl  to  form  water.  But  for  every  12  equivalents  of  carbon,  dry 
grape  sugar  contains  12  of  hydrogen  and  12  of  oscygen.  It  is  conso- 
quantly  represented  by  C,j  M.j  O,^,  and  contains  the  elements  of  two 
atoms  of  water  (Hj  O3)  more  than  cane  sugar.* 

3"-  Manna  sugar,  sugar  of  liquorice,  8(C. — Besides  the  cane  and  grape 
sugars  which  occur  in  large  quantity  in  the  juices  of  plants,  there  are 
other  varieties  which  occur  less  abundantly,  and  are  therefore  of  less  in- 
terest in  the  study  of  the  general  vegetation  of  the  globe.  Among  these 
is  manna,  which  partly  exudes  and  is  partly  obtained  by  incisions  from 
certain  species  of  the  imA  tree  which  grow  in  the  warmer  countries  of 
Soutl\ern  Europe  (Sicily  and  Italy),  and  in  Syria  and  Arabia.  Jt  also 
exists,  it  is  said,  in  the  juice  of  the  larch  tree,  of  common  celery,  and  of 
certain  trees  which  are  met  with  in  New  South  Wales.  Liquorice  root 
also  contains  a  species  of  black  sugar,  which  is  tnown  in  this  country 
under  the  names  of  Spanish  and  Italian  juice,  Irom  the  countries  where 
it  is  grown.  In  the  mushroom  and  other  fungi  a  colourless  variety,  ap- 
parently, peculiar,  has  also  been  met  with, — and  milk  owes  its  sweet- 
ness to  a  species  of  sugar  formed  in  the  interior  of  the  animal  along  with 
the  other  substances  which  the  milk  contains. 

These  several  kinds  of  sugar  diSer  more  or  less,  not  only  in  sensible 
and  chemical  properties,  buialso  in  chemical  constitution,  from  the  more 
abundant  cane  and  grape  sugars — hut  they  form  too  smaU  a  part  of  the 
general  products  of  vegetation,  and  areofion  little  consequence  in  pracli- 

'  BolDtloD3  of  csne  and  grape  augarare  readily  ilislinnuislied  from  eacli  oilier  by  Ibe  fol- 
iDsleEul  of  solpbuctu  acid,  cdQsUo  pousb  be  nnployed.  Ihe  cano  mi^ai  will  be  uucbaiiBed, 


cal  agricQllure  lo  render  it  necessary  to  do  more  than  thus  shortly  ad- 
^'ett  to  their 
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§  5.  Mutual  relations  of  woody  fibre,  starch,  gum,  and  augar. 
It  may  be  inlercsling  now  10  consider  for  a  moment  the  mutual  rela- 
tions of  the  several  Bubstances,  woody  fibre,  starch,  gum,  and  sugar — 
above  described — which  occur  so  larj^ely  ia  the  vegetable  kingdom,  and 
are  serviceable  to  man  for  so  many  difletenl  purposes.  These  relations 
will  be  best  seen  on  comparing  the  formulte  by  which  they  are  respec- 
tively represented.     Thus — 

Woonr  Fibre     (lignin)    is  represented  by     Cia   Hj      Og 

CELi.iiLABFiBB.E(according  to  Payen)     by     Cu    '^        " 

Starch  (dried  at  2l'i°  F.) 

Gobi  (any  of  the  3  varietif 

Cane  Sdoau         (free  from  water) 

Grape  Sugar      (dried  at  ISO"  F.) 
In  these  formula  we  observe — 
1°.  That  the  eqivalents  of  the  oxygen  ai 
gen  in  all  the  formulse,  and,  therefore,  that  all  these  substances  may  be 
supposed  la  consist  of  carbon  and  water. 

3°.  The  formulte -foe  cellular  fibre,  starch,  gum,  and  cane  sugar,  are 
identical.  They  consist  of  the  same  elements  united  together  m  the  same 
proporlAtras. 

This  is  one  of  those  facts  which  not  only  appear  very  remarkable  to 
the  unlearned,  but  are  scarcely  capable  of  being  clearly  comprehended 
and  explained,  even  by  those  who  have  most  profoundly  studied  ihis 
branch  of  natural  science.  Starch  and  sugar — how  different  their 
properties!  how  unlilie  their  uses  I  how  unequal  their  importance  to  the 
human  race!  yet  they  consist  of  the  same  weights  of  the  same  subsiancea, 
difterently  conjoined.  The  skilful  architect  can  put  together  the  same 
pmportions  of  the  same  slone  and  cement — and  the  painter  can  combine 
the  same  colours  so  as  (o  produce  a  thousand  varied  impressions  on  the 
sense  of  sight.  In  tlie  hand  of  Deity  matter  is  in finilely  more  plastic. 
At  His  bidding  the  same  patlieles  can  uniie  in  the  same  quantity  so  as 
10  produce  the  most  unlike  impressions — and  on  all  our  senses  at  once. 

3°.  A  knowledge  of  the  above  close  relations  in  composition,  among 
a  class  of  substances  occurring  so  abundantly  in  the  vegetable  kingdom, 
imparls  a  degree  of  simplicity  to  our  ideas  of  this  otherwise  complicated 
subject.  It  does  not  appear  so  mysterious  that  we  should  have  woody 
fibre,  and  starch,  and  gum,  and  sugar,  occurring  together  in  variable 
quantities,  when  we  know  that  they  are  all  made  up  of  the  same  ma- 
terials, in  ihe  same  or  nearly  the  same  proportions — or  that  one  of  these 
ir  from  a  plant,  to  be  replaced  in  whole  or 

r  haa  bsen  unracled,  see  Thomeon's  OrganitCSiemis. 

ly)  loses  S-3  percent,  ofwaler  in  fivonrsble  circum- 
(HO),  so  Ihul  irdry  sugar  be  G!9H}llOia,  CITSIallizH) 

This  is  equal  lu  two  equivalents  (300),  so  lliat  una. 
:i£  Hn  On  DC  Ci2  His  C:H-2HO. 
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A  fiirlher  question,  however,  arises  in  our  minds.  We  naturally  ask, 
— does  nature,  in  thus  removing  one  of  these  compounds,  and  supplying 
its  place  by  another,  actually  form  from  its  elements  tlie  new  substance 
introduced,  or  does  she  produce  it  by  a  mere  change  or  traosformatlon 
of  those  previously  enisling.  A  satiafaelory  reply  to  this  question  may 
be  derived  from  the  facts  detailed  in  the  following  section. 


§  6.  Mutual  Iransformatwns  of  woody  fibre,  slarck,  gum,  and  sugar. 

1°.  Action  of  heat. — If  wood  be  reduced  to  theslate  of  fine  saw-dust,  be 
then  boiled  in  water  lo  separate  everything  soluble,  afterwards  dried  by 
a  genlle  heat,  and  then  heated  several  times  in  a  hater's  oven,  it  will  be- 
come hard  and  erisp)  and  may  be  ground  in  themill  into  a  fine  meal.  The 
powder  thus  obtained  is  slightly  yellow  in  colour,  but  has  a  taste  and 
smell  similSr  to  the  flour  of  wheat ;  it  ferments  when  made  inio  a  paste 
with  yeast  or  leaven,  and  when  baked  gives  a  light homoeeaeous  bread. 
Boiled  with  water,  it  yields  a  stiff  Iremuloua  jelly,  like  that  ffiim 
starch  (Autenrieth. — Schiibler,  Agrieultur  Chemie,  i.,  p.  324.)  By  the 
agency  of  heat,  therefore,  it  appears  that  the  woody  fibre  may  be  changed 
into  starch. 

3°.  Action  of  sulphuric  add. — If  to  tliree  parts  of  the  sulphuric  acid 
of  the  shops  (oil  of  vitriol)  one  part  of  water  be  added,  and  a  portion  of 
delicate  woody  fibre  be  immersed  in  it  for  half  a  minute,  and  the  whole 
then  rubbed  in  a  moriar  with  a  few  drops  of  a  solution  of  iodine — the 
woody  fibre  will  assume  a  blue  cdoiw,  showing  that  it  is  in  part  at  least 
changed  into  stwch*  (Schleiden). 

Again,  if  three  parts  of  fine  saw-dust  or  of  fragments  of  old  lipen  be 
rubbed  in  a  mortar  with  four  of  the  sulphuric  acid  of  the  shops  added 
by  degrees — it  will,  in  a  quartcF  of  an  hour,  be  rendered  cotripletely  so- 
luble in  water.  If  the  solution  in  water  be  freed  from  acid  by  chalk,  and 
(hen  evaporated,  a  substance  resembling  gum  arable  b  obtained  (Bra- 
eonnot).  According  to  Schleiden,  ilie  fibre  may  be  seen  under  tbe  mi- 
croscope gradually  to  change  from  vrithout  inwards,  first  into  starch  and 
then  into  gum. 

Further,  if  this  gum  be  digested  with  a  second  portion  of  sulphuric 
acid  diluted  with  8  or  10  times  its  weight  of  water,  ii  will  be  gradually 
converted  into  grope  sugar;  or  ihe  fibre  of  wood  or  linen  maybe  changed 
direcily  into  sugar  by  the  prolonged  action  of  dilute  sulphuric  acid, 

3°.  Actkm  of  potash' — If  saw-dust  be  mixed  with  ftom  two  to  eight 
times  its  weight  of  hydraief  of  potash  and  as  much  water,  and  boilpd 
(ill  a  crust  formson  the  surface,  and  if  dilute  sulphuric  acid' be  then  added 
till  the  whole  is  slightly  sour,  the  undesiroyed  woody  fibre  will  give  an 
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13  deep  blue  on  the  addilion  of  iodine,  showing  tliat  slarch 
has  been  formed. 

Woody  fibre,  iherefore,  may  bo  changed  into  siarch,  either  by  the  un- 

a  d  d  of  lieat,  by  that  of  sulphuric  acid,  or  by  boiling  with  caustic 

p        h  —     d  the  Blarch  thus  produced  may  be  further  transformed,  first 

g  m       d  then  into  grape  sugar,  by  the  prolonged   action  of  dilute 

Iph  d,  assisted  by  a  inoderaio  heal. 

I  A  tw  of  heat. — When  flour,  potato,  or  arrow-root  starch  is 
spread  out  upon  a  tray,  thbii  introduced  into  an  oven  and  gradually 
healed  lo  a  lerriperaiure  not  exceeding  300°  F.,  it  slowly  changes,  ac- 
quires a  yellow  or  brownish  lint  according  to  the  temperature  employed, 
and  becomes  entirely  soluble  in  cold  water.  It  is  changed  into  gam. 
Under  the  names  of  siarch-gum,  or  British-gum,  ibis  substance  is  large- 
ly manufactured  in  this  country,  and  is  successfully  substituted  for  gum 
arable  by  the  calico-printers  in  thickening  many  of  iheir  colours.* 

The  gum  thus  prepared  not  unffeijuently  also  possesses  a  sweet  taste, 
from  ibe  further  change  of  a  pottion  of  the  gum  into  sugar. 

2°.  Action  ofimter. — When  starch  is  dissolved  in  boiling  water,  and 
is  then  allowed  to  stand  in  the  cold  either  in  a  close  vessel  or  exposed  to 
the  air,  it  gradually  changes  into  gum  or  sugar.  The  process,  however, 
is  slow,  and  months  must  elapse  before  the  whole  of  the  starch  is  thus 
spontaneously  transformed  in  the  presence  of  water  (De  Saussure).  It 
inkes  place  more  rapidly  when  starch  and  water  are  boiled  together  for 
a  length  of  time. 

3°.  Aclion  of  sulphuric  add. — From  what  has  been  already  stated  in 
regard  to  the  action  of  ibis  acid  on  woody  fibre  it  will  leadiiy  be  supposed 
that  native  starch,  of  any  variety,  is  likely  to  undergo  transformation 
when  subjected  to  its  influence. 

In  reality,  if  50  perls  of  starch,  12  of  sulphuric  acid,  and  130  of  water 
be  taken,  and  if  the  starch  be  thoroughly  moistened  with  a  portion  of  the 
water,  and  theu  poureil  into  the  mixtnre  of  the  acid  with  the  remainder 
of  the  water,  and  heated  to  190"  F.,  the  siarch  will  be  entirely  convert- 
ed into  gum.  By  further  and  more  prolonged  heating  this  gum  is 
changed  into  grape  sugar.  The  gum  or  sugar  may  be  obtained  in  a 
separate  slate  by  adding  lo  the  solution  either  chalk  or  lime,  which  will 
combine  with  and  carry  down  the  acid.f  One  hundred  pounds  of  starch 
treated  in  this  Way  will  yield  from  105  lo  122  !hs.  of  dry  grape  sugar. 

The  rapidity  with  which  (his  transformation  takes  place  depends 
partly  upon  the  temperature  and  partly  upon  the  proportion  of  acid  em- 
ployed. Thus  100  lbs.  of  starch  raiKed  with  600  of  waier  and  10  of 
sulphuric  acid,  will  be  converted  into  grape  sugar  by  hoiUng  for  seven 
hours.  If  by  increasing  the  pressure  the  temperature  be  raised  to  250° 
F.,  the  transformation  will  be  effected  in  a/ew  minidea.     With  only  one 

■  During  the  lialiliie  of  bread  this  conrsr^on  of  slatch  Inlo  gum  lakes  place  to  a  onnsider- 
able  eilenl.    Thua  Vogel  foond  UiM  flmit  which  coiilalnEd  no  snm  sate,  wlieo  baited,  a 

Thus  one  of  Ihe  eSecSaS^mgi°mieaaeti.\\e  float-stare"  mnreTofubie^nd  IherefoSd) 

t  KrormBgKPSMm  wlihUCaulphaleof  lime)  which  is  a  oDnipound  of  liine  and  aulphutio 
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pound  of  acid  and  the  same  quantity  of  siareh  and  water,  the  change; 
will  be  effected  in  three  hours  by  a  temperature  of  330°  F.  This  mode 
of  convening  potato  starch  info  grape  sugar  is  said  to  be  extensively 
practised  in  France,  for  the  purpose  of  subsequently  fermenting  the 
sugar  and  converting  it  into  brandy. 

Aclion  of  sulphuric  acid. — If  powdered  gum  arabic  be  tubbed  in  a 
niortar  with  the  aulphuric  acid  of  ihe  shops,  a  brownish  solution  is  ob- 
tained, which,  when  diluted  with  water  and  treated  with  chalk,  yields  a 
gummy  aubetance  similar  to  that  obtained  in  the  same  way  from  starch 
and  woody  fibre.  Prolonged  digestion  with  diluted  acid  cooverls  a  i>or- 
lion  of  this  gum  into  sugar. — [Berzelius,  Traiti  de  Ckemie,  (1831),  v., 
p.  217.] 

1°.  Acli(m  of  heat. — When  eryetallized  cane  sugar  is  heated  to  320° 
F.  it  melts,  and  if  the  lemperature  be  raised  to  360"  F.  it  ^ives  off  two 
atoms  of  water  and  is  changed  into  caramel.  This  caramel  is  an  un- 
crystallizable  sugar,  which  is  generally  present  in  artificial  syrups,  and 
is  often  of  a  brownish  colour.  It  contains  Ihe  elements  of  an  atom  of 
water  less  than  cane  sugar,  and  is  represented  by  C,3  Hj  O^.  It  is 
not  known  to  occur  in  ihe  natural  juices  of  plants. 

2°.  Action  of  sulphuric  acid. — When  cane  sugar  is  digested  with  di- 
lute sulphuric  acid,  aided  by  a  gentle  heat,  it  is  rapidly  converted  into 
grape  sugar.  The  acid  of  grapes  (tartaric  acid)  and  many  other  vege- 
table acids  produce  a  similar  change. 

It  is  obvious  that  this  conversion  of  cano  into  grape  sugar  can  only 
take  place  in  the  presence  of  water,  inasmuch,  as  has  already  been 
shown  (p.  110),  grape  sugar  contains  the  elements  of  two  atoms  of  water 
more  (hitn  cane  sugar,  or 

Cane  sugar.  Water.         Dry  Braps  sugar, 

Cia  H,„  Oi,-f  2H0  =  C,3  H,a  0,a. 

We  may  revert  now  to  the  question  with  which  wo  concluded  ihe 
preceding  section.  Since  these  difte rent  substances  are  so  closely  allied 
m  chemical  constiiulion,  and  occur  so  often  in  connection  with  each 
other  in  the  vegetable  kingdom,  does  nature,  when  her  purposes  demand 
the  change,  actually  transform  them,  the  one  into  the  other,  in  the  inte- 
rior of  the  plain?  The  answer  may  now  be  safely  given,  that  she  cer- 
tainly does.  What  we  can  so  readily  perform  by  our  rude  art  may  be 
Btill  more  easily  effected  in  the  living  vegetable.  That  which  is  starch 
or  gum  in  one  pan  of  the  plant,  may  become  cane  or  grape  sugar  in 
another,  and  woody  fibre  in  a  third.  Thus  by  re-arranging  the  same 
kind  and  quantity  of  the  several  elements,  may  (he  various  and  unlike 
forms  of  matter  which  constitute  the  main  products  of  vegetation  be 
readily  produced. 

Stiil  the  facility  is  only  apparent.  We  cati  assure  ourselves  of  the 
fact  of  such  conversions,  because  we  can  at  will  induce  them.  But  who 
operates  upon  these  substances  in  the  interior  of  the  plant?  Whose 
mind  and  will  directs  these  changes — presi:ribing  when,  where,  and  in 
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wlial  order  they  sliall  lake  place?  How  much  depends  upon  the  re- 
fined and  liitle  understood  mechanism  of  the  vegetable  struclure — how 
much  on  the  living  principle  itself !     What  ia  ihia  living  principle — 

§  7.  Of  Ike  fermentation  of  slarck  and  sugar — and  of  the  retaUve  dreum- 
stances  under  whiek  cane  and  grape  sugars  generally  occur  in  nature. 

It  will  be  of  use  lo  us,  in  connection  wilh  the  above  transformations, 
lo  advert  lo  (he  property  possessed  by  starch  and  nearly  all  the  known 
varieliea  of  sugar  of  entering  into  fermentation  under  favourable  cir- 
cuinstancea.  When  flour  is  made  into  a  paste  with  leaven  or  yeast  il 
begins  to  rise  and  ferment, — sooner  or  later,  according  to  (he  kind  of 
flour  and  (he  quantity  of  ferment  added.  When  lo  a  decoction  of  malt 
!»  lo  a  solution  of  starch  or  of  cane  or  grspe  sugar  in  water,  a  portion  of 
yeasc  is  added,  fermentation  is  speedily  induced  ;  and  if  not  arrested  by- 
unfavourable  circumstances  il  will  continue  until  tlie  whole  of  (he 
starch  or  sugar  disappears. 

In  alt  these  cases  it  is  grape  sugar  alone  that  •undergoes  fermentation. 
[Rose,  Poggen.  Annal-,  lii.,  p.  297.]  Thestareh  of  the  moistdougho/ 
of  t!]e  solution  is  partially  iransfofmed  inlo  grape  sugar  before  fermenta- 
tion commences.  Such  is  the  case  also  with  the  decoction  of  malt  and 
with  cane  sugar.  The  fermeniadon  commences  soon  after  the  first  por- 
tion of  grape  sugar  is  formed,  and  proceeds  more  ot  less  rapidly  accord- 
ing as  this  transformation  is  more,  or  less  speedily  efFecied.  Hence,  in 
the  art  of  brewing,  the  necessity  of  cautiously  regulating  the  tempera- 
ture by  which  this  change  of  the  starch  and  sugar  is  pronioied  and  hasi- 

The  fermentation  itself  is  the  result  not  of  a  mere  transformation  of 
one  form  of  matter  into  another  having  ibe  same  elemeniary  constiru- 
lion,  but  of  a  decomposition  of  one  substance  into  two  others  unlike  ilself 
either  ia  properties  or  in  chemical  composition.  The  grape  sugar  is  re- 
solved into  alcohol  (spirits  of  wine),  which  remains  in  the  liquid,  and  into 
carbonic  acid,  which  escapes  in  the  form  of  gas  and  causes  the  fertnen- 
lation.  Thus  alcohol  being  represented  by  C,  H^  O3,  and  carbonic  acid 
by  CO3, 

2  of  alcohol  =  Ca  H,j  O,  and 

4  of  carbonic  acid  =  C,  Oj  make  up 


1  of  grape  sugar  =^ '-'1  a^i  2^13" 

Il  is  an  InteresiiDg  fact  that  the  cane  and  grape  su^ar 
lure  in  circumsiauces  which  are  eolirely  consistent  with  tlie  s 
in  the  preceding  section,  regarding  the  action  of  acids  on  the  former 
variety  of  ihis  natural  prodocl.  Fruits  contain  grape  sugar,  which  in- 
creases in  quanlily  as  they  ripen  or  1-ecome  less  sour.  In  the  sngar 
cane,  the  beel  root,  and  the  maple  and  birch  trees,  cane  sugar  exists, 
but  in  (heir  juices  no  acid  ia  associated  wilh  the  sugar.  On  the  contra- 
ry, ammonia  is  known  to  be  j>resent  in  most  of  them  along  with  the 
cane  sugar.  Hence  it  is  inferred,  that  as  in  our  hands  and  in  our  exper- 
iments cane  sugar  is  changed  by  theagency  of  acids  inlo  grape  sugar,  and 

■  "Oanst  thou  by  acarohiuBflndontGoii—Cansllbo'i  find  out  iheAJmljhlyjinloperfpcltoBl" 
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wiih  reinarkable  ease  by  riiat  acid  which  exists  in  theriije  grapeiso  it  is 
in  tbe  interior  of  iiiants.  Where  sugar  occurs  in  cooneEtion  with  an  acid 
in  ihe  juice  of  a  plant,  it  ia  ^ape  sugar  in  whole  or  in  great  part,  be- 
cause in  the  presence  of  an  acid  body  cane  sugar  cannot  permanently  cjt- 
isl,  but  is  gradually  transformed  into  the  sugar  of  grapes.  It  ihus  ap- 
pears also  why  fruils  so  readily  enter  itito  fermentation,  and  why,  even 
■when  preserved  witii  cane  sugar,  they  will,  in  eoasequence  of  ttie  acid 
they  reialn,  slowly  change  the  latter  into  grape  sugar,  and  thus  induce 


b!e  productions  of  (Tie  globe  consists.  But  there  are  certain  other  si 
stances  occurring  along  with  starch  and  sugar,  into  which  nitrogen  enters 
as  a  constituent,  and  which,  though  not  formed  in  the  vegeiaole  king- 
dom in  very  large  quantity,  are  yet  of  such  interest  and  importance  in 
other  respects,  as  to  make  it  necessary  shortly  lo  advert  to  them. 

1=>.  Glalen. — When  the  flour  of  wheat  is  rnade  into  a  dough,  and  this 
dough  is  washed  with  water  upon  a  fine  sieve,  a  milky  liquid  passes 
through,  from  which  starch  gradually  subsides.  TJiis  has  been  already 
stated.  Bui  on  the  sieve,  when  the  water  ceases  to  go  through  milky, 
there  remains  a  soR  adherent,  tenacious,  and  elastb  substance,  which 
can  be  drawn  out  into  long  strings,  has  scarcely  any  colour,  taste,  or 
smell,  and  is  scarcely  diminished  by  washing  either  with  hot  or  with 
cold  water.  This  substance  b  tbe  gluten  otwkeat.  The  flour  of  other 
kinds  of  grain  also  yield  it  by  a  similar  treatment,  though  generally  iu 
much  smaller  quantity.     This  appears  from  the  following  table  : — 

The  grain  of 

Wheat  contains  8  to  35  per  ceul.  of  gluten. 
Rye  ....  9  lo  13         "  " 

Barley    .     .     .   3  lo     6         "  " 

Oats  ....  2  to     5 

When  the  moist  gluten  is  dried  in  the  air  or  at  the  temperature  of 
boiling  water,  it  diminishes  much  in  bulk,  and  hardens  into  a  brittle 
samistransparent  yellow  substance  resembling  horn  or  glue.  In  this  state 
it  is  insoluble  in  water,  but  dissolves  readily  in  vinegar,  in  alcohol  either 
cold  or  hot,  and  in  solutions  containing  caustic  potash,  or  soda,  [tho 
ciimaionpeaTl-ask  or  soda  of  ihe  shops  boiled  with  quick-lime.] 

2".  Vegetable  Albumen — To  the  while  of  egg  the  name  of  albumen 
(albus,  whilel  has  been  given  bychemists.  It  possesses  the  well  known 
properly  of  coagulating  or  of  forming  a  while  solid  insoluble  substance, 
when  it  is  heated  either  alone  or  after  being  mixed  wilh  waler. 

When  the  starch  has  subsided  from  the  milky  liquid  which  passes 

■  mm  also,  la  ravnuMblf  cWcamaaaeeSf  aa  when  kepi  al  a  Umperslure  of  1D0°  T.,  irn- 

checay  mailer  (Maeln'l^of  llifl  mlli-i^  b^Bhowa  b^  Ihe  fact  Ihal  the  Introduction  of  a  smsfl 
quaotiiF  of  Die  Gtird  of  milk  biiosndiiliaDofsrape  sugar  wUI  cause  11  lofeimezil. 
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through  the  sieve  in  preparing  the  glutenof  wheat,  ihe  h  __ 

parent  and  colourless  above  the  while  sediment.  If  this  water  be  heated, 
it  will  become  more  or  less  troubled,  and  white  films  or  particles  will 
separate,  which  may  be  easily  collected,  and  which  possess  all  the  pro- 
perties of  coagulated  albumen,  or  boiled  white  of  egg.  To  this  sub- 
stance the  name  o( vegetable  albumen  has  been  given.  When  the  fresh 
prepared  glut&toi  wheal  is  boiled  in  alcohol  a  portion  of  albumen  gene- 
rally remains  undissolved,  showing  that  water  does  not  completely  wash 
it  out  from  the  glnlen. 

Vegetahle  atbumen,  when  fresh  and  moist,  has  neither  crfour,  taste, 
nor  smell,  is  insoluble  in  water  or  alcohol,  but  dissolves  in  vinegar  and 
in  caustic  potash  or  soda.  When  dry  it  is  brittle,  more  or  less  coloured, 
and  opaque.  In  the  seeds  of  plants,  it  exists  only  in  small  quantity — 
ihos  the  grain  of 


Rye       ...     2  10  3t 
Barley.     .     .  jV  to    i         " 
Oats       .     .     ,    -}  to    4         " 
it  occurs  more  largely  however  in  ihe  fresh  juices  of  plants,  in  those 
of  cabbage  leaves,  tormp  toots,  and  many  others.     When  these  juices 
arc  healed  (he  albumen  coagulates  and  is  rea<lily  separated. 

Gluten  and  vegetable  albumen  appearto  beascloseiy  related  as  sngar 
and  starch  are  lo  each  other.     Like  these  two  substances,  ihey  consist 
of  the  same  elements,  united  together  in  the  same  proportions,  and  are 
capable  of  similar  mulual  Iransforraationa.     According  to  the  most  re- 
cent analyses,  those  of  Dr.  Scheerer,  they  consist  of 
Carbon        =  54'76 
Hydrogen     =     7*06 
O.vygen         =  2006 
Nitrogen       =  18'13 
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late  these  substances  undergo  de- 
losl  disagreeable  odour,  and  pro- 
duce, among  other  compounds,  vinegar  and  ammonia. 

The  important  influence  which  gluten  and  vegetable  aibumen  are 
supposed  to  exercise  over  the  nourishing  properliesof  the  different  kinds 
of  food  in  which  they  occur,  will  be  considered  in  a  subseiiuent  part  of 
these  lectures.* 

3°.  Diastase. — When  cold  waleris  poured  upon  barley  newlymalfed 
and  crushed,  is  permitted  to  remain  over  it  for  a  quarter  of  an  hour,  is 
then  poured  off",  filtered,  evaporated  to  a  small  bulk  over  boiling  water, 
again  filtered  if  necessary,  and  then  mised  with  much  alcohol,  a  white 
(asleless  powder  falls — to  which  the  name  a^.diasltue  has  been  given. 

'  There  occur  in  lite  animal  kingdom — in  Ihe  Iwdiaa  of  ajiimala — Ibree  olher  forms  of  Ihe 
subsTance  above  described  uoder  Ihe  nainog  of  pfulen  aJid  v^elable  albumen.    Tbeee  are 
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If  unmalted  barley  be  so  (realed  no  diastase  is  obtained.  This  sub- 
stance, iherefore,  isjormed  during  the  process  of  malting. 

If  wheat,  or  barley,  or  potatoes,  which  by  steeping  in  water  yield  no  di- 
astase, be  made  lo  germiDQle  (or  sprout),  and  be  afterwards  bruised  and 
treated  as  above,  diastase  will  be  obtained.  Jt  is  therefore  produced 
during  germination. 

If  the  shoot  of  a  potato  be  cut  off  wiriiin  half  an  inch  of  its  base,  ihis 
lower  portion,  with  llie  part  of  the  potato  to  which  it  is  immediately  at- 
tached, separated  from  the  rest — and  ihe  three  parts  (the  upper  portion 
of  the  slioot — the  lower  portion  with  its  attached  fragment  of  potato — ■ 
and  the  remaining  mass  of  ihe  potato)  treated  with  water, — only  that 
l>oriion  will  yield  diastase  in  which  the  base  of  the  shoot  is  situated. 
When  a  seed  sprouts,  therefore,  lM»  substance  is  formed  at  the  base  of 
the  ^erm,  and  there  remains  during  its  growth. 

II  the  same  portion  of  the  potato,  or  if  the  grain  of  barley  or  wheat  is 

tias  been  added.  II  Dig;  be  kiipt  for  ani  lengtb  of  Ume  in  a  Hr)  place,  wllhoui  unclEiiolnB 
de«.y,  Tlie  changeB  undergone  by  elfl  cheese  are  chiefij  dne  lo  Ihe  oily  and  olher  eub- 
Mances  Willi  which  Ihe  curd  Is  mixed.  It  has  been  iBioarked,  llialwhen  Uieitlutenornhesl 
ie  left  [or  a  length  of  lime  In  a  moist  stale  iC  andei^oea  a,  kind  of  fenaei]lBll<Hi  and  giadually 

'"^.  JUr^^Whtm  lean  beef  oi  mutloo  Is  bog  washed  in  naler  till  it  becomes  colourless, 

30.  "^»uWH.— This  eubsMocB  In  the  liquid  alale  eilsla  In  the  while  of  egg,  and  in  the 
serum  oflhe  blond.    R  ooaoulafeB  by  healing  10  160=  f,  or  if  previously  iniied  with  water 


"&^"SSS 

leofOBg,coagulat 

"so^^d^SSrtolnlhoW, 
igitaUonln  contaelwUh  thea 

1 .„  and  Ihawliileof  e|iB,.eiirin,  and  ¥8§?ln.— Jino.  lie  Chini.  el.  dp  Phys.,  \ic 

J    ^._.. soppoHes  thflni  Id  dl^r 'l>om  £ach  aherby  the  presence  In  irnlibequani . 

of  a  small  idmiirluFeof  sii^hur,  lAdsphDmsorphoflihalBef  lime. 
'  Those  who  are  not  famlJIar  wllh  (henistDryaDclwflh  the  naCarq  of  chemical  research,  can 
Avrm  no  Idea  of  the  time  and  lahnuT  which  hiAby  difftuenC  chemists  been  expended  on  ihis 
one  branch.  The  perneierlhg  [ndiuiry  ofSr.  Mulder,  of  Koiterdam,  appeared  la  hais 
cleared  up  the  enUre  sabjeel  Sy  a  long  aeries  onnypsllgaliDua.md  aiia]<MS,--ffnr  ao  oul. 
line  of  his  nMolta,  lee  Bei^ellns  AnbsiBUeBe,  lESS,  p.  Bll,}-wlisnBTA  Toiel  then  Prosper 
Denis,  anct  telest  Llebig  and  Dr.  ^sheerer,  haie  ahivedat  diffirent  resolls.  Our  ideas  are 
thus  B|^  mBied,  and  our  partial  geaenllzail«ri  sel  aalda  for  fuiuie  enendaUon. 

The  analysis  hwetlBd  in  Ihe  ten,  as  repreeenting  Ihe  cojnposllion  of  glulea  end  Tegetablo 
all™men,l«that^vBnbj  Dr.  ScheererSr  Ihe  purest  form  of  jBrtn,  I  hate  seleeled  it  Id 
prefetence  [othe  rBauttaellherofBoussinaanlt  or  of  Mulder,  because  11  Is  Ihe  most  reoent, 
and  IHS  been  obtained  wkh  a  knowledge  of  all  Ihe  previous  researohes,— and  assambigthe 
chemical  identity  of  this  entire  group  of  subalanees,  is  llie  most  llltely  lo  refn-esf  nt  their 
canstimtioo  with  accuracy.  It  differs  from  the  analysts  of  Mulder  Dn^in  staUng  the  nitro- 
gen at  3  per  Bern,  higher  than  was  done  by  ilial  chemist.  Tliciec.ent  irapFovemenls  in  Ihe 
mode  of  determining  Ihe  true  quantity  of  nitrogen  in  organic  subslances,  appesrle  jllsUf; 
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examined,  when  the  first  true  leaves  of  ihe  plant  have  been  fully 
formed  and  espanded,  the  diaatasa  will  be  found  to  have  in  great  part, 
if  not  entirely,  disappeared.  This  subslance,  therefore,  is  6 rst  formed 
when  [he  seed  begins  lo  sprout,  pertbrms  a  functior  which  makes  ita 
presence  necessary  at  the  base  of  ihe  germ,  and  which  function  being 
discharged  when  the  true  leaves  are  formed,  it  then  disappears.  What 
is  the  nature  of  this  temporary  function,  why  the  diastase  must  reside  at 
ihe  base  of  the  sprout  in  order  to  discharge  it,atid  why  it  should  so  early 
cease,  will  appear  from  a  detail  of  the  properties  of  this  singalac  sub- 

Properties  of  diastase. — If  the  solution  obtained  from  malt  be  digested 
with  potato,  floor,  or  other  starch,  at  a  temperature  between  120°  and 


140°  F.,  the  latter  will  ctadually  dissolve  and  will  form  a  colourless 

when  this  so 
lowisli  white  powder  is  obtained,   perfectly  soluble  ii 


It  solution.     When  this  solution  is  carefully  evaporated  i 


le  of  dextrine  has  been  given,  [because  its  solution  turns  tc 

right  a  ray  of  polarized  light  when  passed  through  it.]  This  dextrine 
has  the  same  composition  as  starch.  It  is  merely  starch  changed  or 
transformed  in  such  a  way  as  to  become  soluble  in  cold  water, — a 
change  analogous  to  that  which  it  undergoes  by  amply  boiling  in  water.  ■ 

But  if  the  digestion  be  continned  after  the  starch  is  dissolved,  the  so- 
lution will  gradually  acquire  a  sweet  taste,  and  if  it  be  now  evaporated 
it  will  yield,  instead  of  dextrine,  a  mixture  of  gum  and  grape  sugar. 
And  if  the  digestion  be  slill  further  prolonged,  ine  whole  of  the  starch 
will  be  converted  into  grape  sugar  only. — [See  above,  §  6,  p.  113.] 

Thus  diastme  (like  sulphuric  acid)  possesses  the  property  of  Irans- 
Ibrming  starch  entirely — first  into  gum,  and  then  into  gr^^P^  sugar.  The 
intermediate  stage  of  oextrine  has  not  been  recognized  in  the  action  of 
sulphuric  acid,  nor  is  it  easy  to  arrest  the  action  of  diastase  exactly  at 
this  point — the  most  carefully  prepared  dextrine  always  containing  a 
mixture  of  gumi  and  sugar.  One  part  of  diastase  will  convert  into  sugar 
2000  parts  of  starch. 

A  solution  of  diastase,  when  allowed  to  stand,  soon  undergoes  decotn 
position,  and  after  being  boiled,  it  has  no  further  eflect  upon  starch.  It 
has  not  been  analysed,  because  it  is  difficult  to  obtain  it  in  a  pure  state. 
It  contains  nitrogen,  however,  for,  when  moistened  and  exposed  to  the 
air,  it  decomgioses,  and,  among  other  products,  yields  ammonia.* 

The  functions  of  diastase — one  of  the  purposes  at  least  for  which  it  is 
produced  in  the  living  seed,  and  situated  at  the  base  of  the  germ — will 
now  he  in  some  measure  understood.  The  starch  in  the  seed  is  the  food 
of  the  future  gefm,  prepared  and  ready  to  minister  to  its  wants  when- 
ever heat  and  moisture  concur  in  awakening  it  to  life.  But  starch  is  it- 
self insoluble  in  water,  and  could  not,  therefore,  accompanylhe  fluid  sap 
when  it  begins  to  move  and  circulate.  For  this  reason  diastase  is 
formed  at  the  point  where  the  germ  first  issues  from  the  mass  of  food. 
There  it  tVansforms  the  Starch,  and  renders  it  soluble,  so  that  the  young 
vessels  can  lake  it  up  and  convey  it  to  the  point  of  growth.  When  the 
starch  is  exhausted  its  functions  cease.     It  is  then  itself  transformed  and 
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carried  into  the  general  circulalioD.  Or  when,  aa  in  the  potato,  much 
more  starch  is  present  ihanis  in  inany  eases  requisite,  its  function  ceasea 
long  before  the  whole  of  the  starch  disappears.  lis  presence  is  necessa- 
ry only  until  ihe  leaves  and  roots  are  fully  formed — when  the  plant  is 
enabled  lo  provide  for  itself,  and  becomes  independent  of  the  starch  of 
the  seed.  When  this  period  arrives,  therefore,  (he  production  of  dias- 
tase is  no  longer  perceived. 

This  I  have  said  is  one  of  the  purposes  which  appears  to  be  served  by 
diastase  in  ihe  vegetable  economy.  That  it  is  the  only  one  we  have  no 
reason  to  heiteve.  There  may  be  others  quite  as  inieresting  which  we 
do  not  as  yet  understand.  This  is  rendered  more  probable  by  the  fad 
that  the  diastase  contained  in  one  pound  ^f  malted  barley  is  capable  of 
converting  into  sugar  five  pounds  of  starch.*  (Liebig.)  And  though 
at  ibe  temperature  at  which  the  seed  germinates,  more  of  this  substance 
may  be  tieceaaary  lo  transform  the  same  weight  of  starch  than  is  re- 
quired io  our  hands,  when  aided  by  atiificiat  heat, — yet  aa  we  never  in 
the  ordinary  course  of  nature  find  any  thing  superfluous  or  going  to 
waste,  there  is  reason  lo  believe  that  the  diastase  may  be  intended  also 
to, contribute  directly  to  the  nourishment  and  growth  of  the  plant.  As 
it  contains  nitrogen,  it  most  be  derived  from  the  gluten  or  vegetable  al- 
bumen of  the  seed;  and  as  a  young  plant  of  wheat,  when  already  many 
inches  from  the  ground,  contains  no  more  nitrogen  than  was  originally 
present  in  the  seed  iiself  (Bouasingaull),  this  diastase  may  only  be  the 
result  of  one  of  those  transformations  of  which  glutenf  is  susceptible, 
and  by  which  it  is  rendered  soluble,  and  capable  of  aiding  in  the  pro- 
duction of  those  parts  of  llie  substance  of  the  growing  plant  into  which 
nitrogen  enters  as  a  necessary  constituent. 

It  may  not  be  uninslructive  if  we  pause  here  for  a  moment  and  con- 
sider the  beauty  of  the  arrangements  we  have  just  been  describing.  In 
passing  through  a  new  and  interesting  country  we  do  not  hesitate,  at 
times,  to  stop  and  gaze,  and  leisurely  adjnire.  We  cannot  otherwise 
fully  realize  and  appreciate  its  beauty.  So  in  the  domains  of  science, 
we  cannot  be  ever  hurrying  on — we  must  linger  occasionally,  not  only 
that  we  may  more  carefully  observe,  but  that  we  may  meditate  and 

You  see  how  bountifully  nature  has  provided  in  the  seed  for  the  nour- 
ishment of  the  young  plant,  how  carefully  the  food  is  stored  up  for  i;, 
and.  in  how  imperishable  a  form — how  safely  covered  also  and  protected 
fram  causes  of  decay  !  For  hundreds  of  years  the  principle  of  hfe  will 
lie  dormant,  and  for  as  many  the  food  will  remain  sound  and  undimin- 
ished till  the  lime  of  awakening  comes.  Though  buried  deep  in  the 
earth,  the  seed  defies  the  exertions  of  cold  or  rain,  for  the  food  it  contains 
is  imaflected  by  cold  and  absolutely  insoluble  in  water.     But  no  sooner 

U^obTiouat^awaateof  labour  li. ....„.„  «.  ...^ j  ^..,r^.j —    — ._„,  , .„ 

three  of  bsile;  wonU  prgbablf  bs  matSeat  in  most  cases  to  obtain  a  went  oonlaihinf  the 
wlioleoflhsalarohlnaointlon.  AilvantaEe  is  taken  of  Ihisprnperiy  in  Ihe  manulaoluro  of 
U>e  tsAiM  A«r  of  LouTaIn,  and  DfDtherp&ceeiaFlBiKter3,and  In  Oerniany,  whsrs  Ihe  light 
colour  la  eacureil  by  addiog  a  large  quaolil;  of  flour  lo  a  tlecocUon  of  a  email  quanlily  of 
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is  the  sleeping  germ  recalled  to  life,  hy  (he  access  of  air  and  ivarnnh 
and  duly  tempered  moismre,  than  a  new  Bgent  is  summoned  to  ils  aid, 
and  the  food  is  so  changed  as  to  be  rendered  capable  of  ministering  (o  iis 
early  wants.  The  first  movement  of  the  nascent  germ — (and  how  il 
moves,  by  what  inherent  or  impartial  force,  who  siiall  discover  to  us  J) 
— is  the  signal  for  ihe  appearance  of  this  agent — diastase — of  which, 
previous  to  germination,  no  trace  could  be  discovered  in  the  seetJ.  At 
the  root  of  tJie  germ,  where  the  vessels  terminate  in  ihe  farinaceous 
matter,  exactly  where  it  is  wanted,  ihis  substance  is  to  be  fonnd ; — there, 
and  there  only,  resolving  and  transforming  the  otherwise  tinavailai>1e 
wore  of  food,  and  preparing  it  for  being  conveyed  either  to  the  ascending 
sprout  or  to  the  descending  root.  And  when  ihe  necessity  for  its  pre- 
sence ceases — when  the  green  leaf  becomes  developed,  and  the  root  has 
fairly  eniered  the  soil — wlien  the  plant  is  fitted  to  seek  food  for  itself — 
then  this  diasiase  disappears,  it  ntidergoes  itself  a  new  conversion,  and  is 
prepared  in  another  form  to  contribute  tolhe  further  increase  of  the  plant. 
How  beautiful  and  provident  are  all  these  arrangements! — bow  plas- 
tic the  various  forms  of  organic  matter  in  the  hands  of  the  All-Intelli- 
gent I — how  nicely  adjusted  in  tioje  and  place  its  diversified  changes  ! 
What  an  apparently  lavish  expenditure  of  forethought  and  kind  previ- 
sion, in  behalf  even  of  the  meanest  plant  that  grows  ! 

§9.  Vegetable  Acids. — Acetic  add,  OxalU  acid.  Tartaric  acid. 
Citric  acid,  Malic  acid. 
Another  class  of  compound  substances  remains  to  be  shortly  consid 
ered, — these,  namely,  which  possess  sour  or  acid  properties,  and  which 
are  known  to  be  present  in  large  (juanlity  in  many  plants,  and  more 
especially  iu  the  greater  number  of  unripe  fruits.  They  do  not,  taken 
as  a  whole,  form  any  large  portion  of  the  entire  pn>3uce,  either  of  the 
general  vegetation  of  the  globe  or  of  those  plants  which  are  cultivated 
for  food ;  yet  the  growih  of  fruit — as  in  the  grape,  orange,  and  apple 
countries — is  sufficiently  extensive,  and  the  general  interest  in  the  cul- 
tivation of  fruit  trees  suffieiently  great,  to  require  that  the  nature  of  the 
substances  contained  in  fruits,  and  the  peculiar  changes  by  which  they 
are  formed,  should  be  in  some  measure  considered  and  explained. 

Acetie  acid  or  vinegar  ia  the  roost  extensively  diffused,  and  the  most 
largely  produced,  of  all  the  organic  acids.     It  is  formed  during  the  ger- 
'      '      of  seeds,  and  it  exists  in  the  juices  of  many  plants,  but  it  is 
■      ■  fermentation,  wliether  natural  or 


most  a.bundanily  evolved  during  the 

artificial,  of  nearly  all  vegetable  substances.     "When  p 

less  liquid, -having  a  well  Unown  agreeably  acid  taste.     It  may  be 

boiled  and  distilled  over  without  being  decomposed.     The  vinegar  of  the 

shops  ia  generally  very  much  diluted,  but  it  can  be  prepared  of  such  a 

Strength  as  to  freeze  and  become  solid  at  45°  F.,  and  to  blister  the  skin 

and  |)roduce  a  sore  when  applied  to  any  part  of  the  body.     When 

mixed  with  water  it  readily  dissolves  fime,  magnesia,  alumina,  tic, 

forming  sails  called  acetates,  which  arc  all  soluble  in  water,  and  may, 

therefore,  be  readily  washed  out  of  the  soil  or  of  compost  heaps  by 

heavy  falls  of  lain. 


When  perfectly  free  frojn  water,  acetic  aelJ  consists  of— 
Carbon  .     .     .     47-5  per  cent.,  or  4  atoms 
Hydrogen   ,     ,       5'8         "  or  3      " 

Oxygen .     .     .     46-7         "  or  3      " 
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It  is  therefore  represented  by  the  formula  C4  Hj  O3 — in  which,  as  in 
those  given  in  the  preceding  sections  for  starch,  sugar,  &c.,  the  numbers 
representing  the  atoms  of  hydrogen  and  oxygen  are  equal,  and  eon^e- 
qijently  these  elements  are  in  the  proportion  to  forni  water.  Hence, 
vinegar,  lilte  sugar,  may  be  represented  by  carbon  and  water. 

Let  us  consider  for  a  moment  the  several  processes  by  which  this  acid 
18  usually  formed. 

1°,  By  Ihe  dislillatiim  of  wood. — This  a  method  by  which  wood 
vinegar — often  called  pyraiiflTieous  add — is  prepared  in  large  C[U  an  lily. 
"Wood  which  has  been  dried  m  the  air  is  put  into  an  iron  relon  and  distil- 
led. The  "principal  products  are  vinegar,  water,  and  tarry  matter. 
The  decomposition  is  of  a  complicated  descripiion,  but  by  comparing 
■'  ilution  of  woody  fibre  with  that  of  vinegar,  we  can  readily  see 

e  of  the  changes  by  which  the  latter  is  produced. 
WooDT  Fibre  is  =  C.^  H,  O, 
3of  ViNEQAEare^  C^  H^  O^ 


Difference         =■  H,0, ;  or  the  elements 

of  one  atom  of  water.  One  portion  of  the  woody  fibre,  therefiire,  com- 
bines with  the  elements  of  an  atom  of  water,  obtained  by  the  decoinpo- 
silion  of  anwher  portion,  and  thus  vinegar  is  produced. 

2°.  Matvafacbgrt  of  Vinegar  from  Cane  Sagar. — II  is  a  well  known 
fact  in  domestic  economy,  that  if  cane  sugar  be  dissolved  in  water,  a 
little  vinegar  added  to  it,  and  the  soUiiion  kept  for  a  length  of  time  at  a 
moderate  lemperaiure,  the  whole  will  be  convened  into  vinegar  wiihout 
any  sensible  fermentation.  This  process  is  frequently  followed  in  the 
preparalion  of  household  vinegar,  and  was  formerly  adopted  to  some  ex- 
tent in  our  chemical  manufactories.  It  will  be  recollected  that  we  re. 
presented  Cane  Sugar  by     C,a   Hi„  O,o,  while 

3  0fVlNEBAR    =      C,s     Hg      Og 


Difference  Hj      Oj  ;  or  tho  elements 

of  an  atom  of  wafer,  which  eane  sugar  must  lose  in  order  to  be  convert- 
ed into  vinegar.  Whether  the  change  in  this  instance  takes  place  by 
the  direct  conversion  of  cane  sugar  into  vinegar,  or  wheiher  ihe  former 
is  previously  transformed  into  grape  sugar,  has  not  been  satisfactorily  de- 
termined. 

3°.  Manufacture  of  Vinegar  from  Alcohol. — In  Germany,  where 
common  brandy  is  cheaper  than  vinegar,  it  is  found  profitable  to  manu- 
facture this  acid  from  weak  spirit.  For  (his  purpose  it  is  mixed  with  a 
Utile  yeast,  and  then  allowed  to  trickle  over  wood  shavings  moistened 
with  vinegar,  and  contained  in  a  cask,  the  sides  of  which  are  perforated 
with  holes  for  the  admission  of  a  current  of  air.  By  this  method  oxy- 
gen is  absorbed  from  the  air,  and  in  24  hours  the  alcohol  in  the  spirit  is 
converted  into  vinegar  and  -jrWer.  1  , 


The  explanation  of  this  process  is  also  simple,   alcohol  being  repre- 
semed  by  C,   H^  O^.     Thus— 
Alcohol  =  C,  H^  O3 

4  ofOxTGES  =  Oj 


Sum  C,  Ha  Oo  J       (.  Sum     =  C^  H„  0„ 

4°,  ProduciioH  of  Vhiegar' by  fermentaiidn. — Wben  vegetable  Dia- 
lers are  allowed  to  ferment,  carbonic  acid  is  given  off  aDd  vinegar  is 
formed.  In  such  cases  ibis  acid  Is  (he  result  of  a  series  of  changes,  dti- 
ring  which  that  portion  of  the  vegetable  matter  which  has  at  length 
reached  the  state  of  vinegar  has  most,  probably  passed  through  the  seve- 
ral previous  stages  of  grape,  sugar,  and  alcohol.  The  carbonic  acid,  as 
has  already  been  explained  (p.  115),  is  given  off  duiing  the  fermentation 
!tf  the  grape  sugar,  atid  the  conse<jiient  Ibrmaiion  of  alcohol. 

To  simple  transformations,'  similar  (o  those  above  described,  wo  can 
trace  the  origin  of  the  vinegar  which  is  met  with  in  the  living  juices  of 
plants,  and  among  the  products  of  their  decay. 


The  grape  and  the  tamarind  owe  their  sourness  to  a  peculiar  acid  to 
■which  the  name  of  (artaric  acid  has  been  given.  It  is  also  present,  along 
with  other  acids,  in  the  mulberry,  in  the  berries  of  the  sumach  {rhus  co- 
riarii),  and  in  the  sorrels,  and  has  been  extracted  from  the  roots  of  the 
couch-grass  and  the  dandelion. 

When  new  wine  is  decanted  from  the  lees,  and  set  aside  in  vats  or 
casks,  it  gradually  deposits  a  hard  crust  or  taHar  oil  the  sidesof  the  ves- 
sels. This  substance  is  known  in  commerce  by  the  name  of  argol,  and 
when  purified  is  familiar  to  you  as  the  cream  of  tartar  of  the  shops.  It 
is  a  compound  of  tartaric  acid  with  potash,  and  from  it  tartaric  acid  is 
extracted  for  use  in  medicine  and  in  the  arts.  The  principal  use  of  the 
acid  is  in  certain  processes  of  the  calico  printers. 

The  pure  acid  is  sold  either  in  the  form  of  a  white  powder  or  of  trans- 
parent crystals,  which  are  colourless,  and  have  an  agreeable  acid  taste. 
It  dissolves  readily  in  water,  and  causes  a  violent  effervescence  when 
mised  with  a  solution  of  the  carbonate  of  potash  or  of  soda.  As  it  has 
no  itijurious  action  upon  the  system,  it  is  extensively  used  in  aniliciat 
soda  powders  and  effervescing  draughts.  When  added  in  sufficient 
ijuaniity  to  a  solution  contaioijig  potash,  it  causes  a  white  crystalline 
powder  to  fall,  which  is  cream  of  tartar  (or  hilarlrate  of  potash),  and  from 
lime  water  it  throws  down  a  while  chalky  precipitate  o(  tartrate  of  lime. 
Both  of  these  compounds  are  present  in  the  grape. 
When  perfectly  free  from  water  this  acid  consists  of— 

Carbon     .     .     .  =  3S'8l  or  4  atoms. 

Hydrogen     .     .  =     3'00  or  2  atoms. 

Oxygen    .     .     .  =  60-19  or  5  atoms. 


It  is  therefore  represented  by  the  formula  C4  Hg  Oj. 

If  we  compare  the  nutnbers  by  which  the  atoms  of  hydrogen 
ygen  in  this  acid  are  expressed,  we  see  that  these  elements  are  n 
praportton  to  form  water,  and  that  this  subsTance,  therefore,  ci 
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SO  many  (^  those  we  have  hitherto  had 
by  carbon  and  the  elemems  of  water  alone. 
It  may  be  represented  by 

4  of  Carbon   .     .  =  C^ 
2  of  Water   .     .  =         H^  Oj, 
and  3  of  OxTGEw  .     .  =  Oj 


Tartaric  Acid  —  Cj  H,  0^ 
And,  though  this  mode  of  represenialiou  does  not  truly  exhibii  the  eon- 
Btiiuiixin  of  the  acid,  inasmuch  as  we  have  no  reason  to  believe  that  it 
really  contains'  water  as  such — yet  it  serves  to  aliow  very  clearly  that  in 
tlie  living  plant  this  acid  cannot  be  formed  directly  from  carbon  and  tlie 
elements  of  water,  as  starch  and  sugar  may.  but  that  it  requires  also 
three  atoms  of  oxygen  m  excess  \o  every  five  of  carbon  and  two  of  water. 
We  shall,  in  the  following  lecture,  see  how  nicely  the  functions  of  the 
several  pans  of  the  plant  ore  adjusted, — atone  period  to  the  formation  of 
this  acid,  and  at  another  to  its  conversion  into  sugar  during  the  ripening 
of  the  fruit. 


This  acid  gives  their  sourness  to  the  lemon,  the  lime,  the  orange,  the 
cranberry,  the  red  whortleberry,  the  bird-cherry,  and  the  fruits  of  the 
dog-rose  and  the  woody  night-shade.  It  is  also  found  in  some  roots,  as 
in  those  of  the  dahlia  pinnala,  and  the  asarum  eoropasum  {asarrahaeea), 
and  mixed  with  much  malic  acid,  in  the  currant,  cherry,  gooseberry, 
raspberry,  strawberry,  common  whortleberry,  and  the  fruit  of  the  haw- 
When  extracted  from  the  juice  of  the  lemon  or  lime,  and  afterwards 


like  il,  therefore,  is  much  employed  for  effervescing  draughts.  With 
potash  it  forms  a  soluble  sail,  which  is  a  citrate  of  potash,  and  from  lime 
water  it  throws  down  a  white,  nearly  insoluble,  sediment  o£citrate  of 
lime,  which  re-dissolves  when  the  acid  is  added  in  excess.  In  combi- 
natbn  with  lime  it  exists  in  the  tubers,  and  with  potash  in  the  roots,  of 
the  Jerusalem  artichoke. 
When  free  from  water,  citric  acid  consists  of 

Carbon     ....     41-49  =  4  atoms. 

Hydrogen     ,     .     .       3-43  =  2  atoms. 

Onygen  ....     55'Oe  =  -t  atoms. 

100 
and  is  therefore  represented  by  C^  Hj  O,. 

This  formula  differs  from  that  assigned  to  the  tartaric  acid  only  in 
containing  one  atom  of  oxygen  less,  O^  instead  of  O5.  In  the  citric 
acid,  therefore,  there  are  2  atoms  of  oxygen  in  excess,  above  what  is 
necessary  (o  form  water  with  the  2  of  hydrogen  it  contains. 


,c;>H,3ic 


Ibimed  in  nature,  it  is  chiefly  as  a  product  of  the  decomposition  of  or- 
ganic tnatier,  when  it  has  already  ceased  to  exist  id,  or  to  form  part  of, 
&  living  plaot. 

Along  with  the  citric  acid,  it  has  heen  already  stated  that  the  malic 
occurs  in  many  fruits.  It  is  foutid  more  ahundanily,  however,  and  is  the 
chief  cause  of  the  sour  taste,  in  the  unripe  apple,  [iience  its  name  maiie 
aeid,]  the  plum,  the  sloe,  the  elderberry,  the  barberry,  the  fruit  of  the 
mountain  ash,  and  many  others.  .It  is  associated  with  the  tartaric  acid 
in  the  grape  and  in  the  A^ave  americana. 

This  acid  is  not  used  in  the  arts  or  in  medicine,  and  therefore  is  not 
usually  sutd  in  tlie  shops.  It  is  obtained  most  readily,  in  a  pure  stale, 
from  the  berries  of  the  mountain  ash.  It  forms  colourless  crystals, 
which  have  an  agreeable  acid  taste.  It  combinee  with  potash,  soda, 
lime,  and  magnesia,  and  forms  malates,  and,  in  combination  with  one  or 
more  of  these  bases,  it  usually  occurs  irt  the  fruits  and  juices  of  plants. 
The  waiate  of  lime  is  soluble,  while  the  citrate,  as  already  stated,  is 
nearly  insoluble,  in  water.  This  maiaie  esists  in  lai^  quantity  in  the 
juice  of  the  house-leek  {sempervtvum  iectorum),  in  the  Sedum  telephiom, 
the  Arum  maculaium,  and  many  other  juicy  and  fleshy-leaved  plants. 

When  perfectly  free  from  water,  the  malic  acid  has  exactly  the  same 
chemical  consiitulion  as  the  citric,  and  is  represented  by  the  same  for- 
mula O4  Hj  Oj.  These  two  acids,  therefore,  bear  the  same  relation 
to  each  other  aa  we  have  seen  that  starch,  gum,  and  sugar  do.  They 
are  what  chemists  call  isomeric,  or  are  isomeric  boilles,  "We  cannot 
transform  them,  however,  the  one  into  the  other,  by  any  known  means, 
though  there  is  every  reason  to  believe  that  they  may  undergo  such 
transformations  in  the  interior  of  living  plants.  Hence  probably  one 
reason  also  why  the  malic  and  citric  acids  occur  associated  together  in 
so  many  different  fruits. 

This  acid  has  already  been  treated  of,  and  its  properties  and  composi- 
tion detailed,  in  a  preceding  lecture  (Lecture  ill.,  p.  47).  It  forms  co- 
lourless transparent  crystals,  having  an  agreeably  acid  taste,  and  if 
eflervesces  with  the  carbonates  of  potash  and  soda,  but  on  account  of  its 
poisonous  qualities,  it  is  unsafe  to  administer  it  as  a  medicine.  It  oc- 
curs in  combination  with  potash  in  ihe  sorrels,  in  rhubarb,  and  in  the 
juices  of  many  lichens.  Those  lichens  which  incrust  the  sides  of  rocks 
and  trees,  not  unfrequently  contain  half  (heir  weight  of  this  acid  in  com- 
bination with  lime.  It  can  he  formed  artificially  by  the  action  of  nitric 
acid  on  starch,  sugar,  gum,  and  many  other  organic  substances. 

"When  perfectly  free  from  water,  osalic  acid  contains  no  hydrogen ; 
but  consists  of — 

Carbon     .     .     .     33-75  ~  2  atoms 
Oxygen    .     .     .     66'S5  =  3      " 

100 
and  it  is  represented  by  Cj  O^.     When  heated  with  strong  sulphuric 
acid,  it  is  decomposed  and  resolved  into  gaseous  carbonic  acid  (CO^)  and 
carbonic  oxide  (CO)  in  equal  volumes.    This  change  is  easily  under- 
stood since  COj-l- C0=  C3  O3.  tk)C)Qlc 
6*                                               "  "■  ■■  o 


§  1 0.   Oeneral  observaUmis  on,  the  substances  of  which  plants  chiefly  consist. 

Ii  may  be  uaeful  here  shortly  to  review  ihe  most  imporiant  facts  aud 
conclusions  which  have  been  adveried  lo  in  ihe  present  lecture. 

1°.  The  great  bulk  of  plants  consists  of  a  series  of  substances  capable 
of  being  represented  by,  and  consequently  of  being  formed  in  nature 
from,  carbon  and  the  elements  of  water  only.  Such  are  woody  fibre, 
starch,  gum,  and  ihe  several  varieiies  of  sugar  (p.  HI). 

2°.  Vet  the  erode  mass  of  wood,  hb  it  exisia  in  a  full-grown 
tree,  containing  various  substances  in  its  pores,  cannot  be  represented 
by  carbon  and  the  elements  of  water  alone.  It  appears  always  to 
contain  a  small  excess  of  hydrogen,  which  is  greater  in  some  trees  than 
in  others.  Thus  in  the  chesnut  and  the  time,  this  excess  is  greater  than 
in  the  pines,  while  in  the  latter  it  is  greater  than  in  the  oak  and  ihe  ash. 
[For  a  series  of  analyses  of  different  kinds  of  wood  by  Peterson  and 
Schadler,  see  Thomson's  Organic  Chemistry,  p.  849.] 

3°.  These  substances  are,  in  many  cases,  mutually  convertible  even 
in  our  hands.     They  are  probably,  therefore,  still  more  so  in  nature. 

It  is  to  be  observed,  however,  that  all  the  transformations  wa  can  as 
yet  effect  are  in  one  direction  only.  We  can  produce  the  above  com- 
pounds from  each  other  in  the  order  of  lignin  or  starch,  gum,  cane  sugar, 
grape  sugar — that  is,  we  can  convert  starch  into  gum,  and  gum  imo 
sugar,  but  we  cannot  reverse  ihe  process,  so  as  lo  form  cane  from  grape 
sugar,  or  siarch  from  gnm. 

The  only  apparent  exception  to  ihia  statement  with  which  we  are  at 
present  acquainted,  occurs  in  the  case  of  starch.  When  lliis  substance 
is  dissolved  in  cold  conoentraled  nitric  acid,  and  then  mixed  largely  with 
water,  a  substance  [the  Xylmdin  of  Braconnol]  falls  to  the  bottom, 
which  is  a  compound  of  the  nitric  acid  with  woody  fibre  (C| ,  H,  O3.) 
[Pelouze,  see  Berzeliua  Arsberdltelse,  1839,  p.  416.]  In  this  instance, 
if  the  above  observation  is  correct,  there  appears  to  be  an  actual  con- 
version of  starch  into  woody  fibre, 

But  whaliue  are  as  yet  unable  toperform  may,  nevertheless,  be  easily 
and  constantly  effected  in  the  living  plant.  Not  only  may  what  is  siarch 
in  one  part  of  the  tree  be  transformed  and  conveyed  to  another  part  in 
the  form  of  sugar, — but  that  which,  in  the  form  of  sugar  or  gum,  passes 
ppwards  or  downwards  with  thecircuIalin^sap,moy,  by  the  instrumen- 
tality of  the  vital  processes,  be  deposited  in  ihe  stem  in  the  form  of 
■wood,  or  in  the  ear  in  that  of  starch.  Indeed  we  Unow  lliat  such  actu- 
ally does  lake  place,  and  that  we  are  still,  therefore,  very  far  from  being 
able  to  imitate  nature  in  her  power  of  transforming  even  this  one  group 
of  substances  only. 

i".  Arnong.  or  in  connection  with,  the  great  masses  of  vegetable  mat- 
ter which  consist  mainly  of  the  above  substances,  we  have  had  occasion 
to  notice  a  few  which  contain  nitrogen  qs  one  of  their  constituents — and 
■which,  though  forming  only  a  small  fraction  of  the  products  of  vegeiable 
jjrowth,  yet  appear  toexercjse  a  most  important  influence  in  the  general 
economyof  animal  as  well  as  vegetable  life.  The  functions  performed 
by  diastase  in  reference  to  vegetable  growth,  and  10  the  trans fbrra alio ns 
of  organized  vegetable  substances,  have  already  been  In  some  meat 
illnsiraied, — we  shall  hereafter  have  an  opportunity  of  considering  n: 
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fully  t.;e  influence  which  gluten  Bnd  vegetable  albumen  exercise  ovei 
ihe  general  effieieney  of  the  products  of  vegetation  in  tnesupport  of  ani- 
mal  life,  aLid  over  the  changes  whieti  these  products  must  undergo,  he- 
fore  they  can  he  converted  into  the  suhstance  of  animal  bodies.  In  a 
former  lecture  (Lecture  IV.,  p.  66),  I  have  had  occasion  to  draw  your 
attention  lo  the  comparatively  small  proportion  in  wtiich  nitrogen  exista 
in  the  vegetable  hingdooi,  and  to  show  that  it  must  nevertheless  he  con- 
sidered as  much  a  necessary  and  constituent  element  in  their  composi- 
tion as  the  carbon  itself;  the  very  remarkable  properties  we  have  al- 
ready discovered  in  the  compounds  above  mentioned  strongly  confirm 
this  fact,  and  illastrate  in  a  strikii:g  manner  the  influence  of  apparently 
feeble  and  inadequate  causes  in  producing  important  natural  results. 

5°.  With  the  exception  of  acetic  acid,  which  in  constitution  is  closely 
related  to  sugar*  and  gum,  all  the  acid  substances  to  which  it  has  beeb 
necessary  lo  advert,  contain  an  excess  of  oxygen  above  what  is  neces- 
sary lo  form  water  with  the  hydrogen  they  contain.     Thus 

ViNEOAR  =  C4  Hj  O3  contains  no  eicessof  oxygen. 

Tartauic  AciD  =  C,  HaOj     .     .      3  of  oxygen  it  excess. 

Malic  Acid  ?    r'    v    r\  ■> 

iTBic  Acid  ^  «      j     i 

Oxalic  Acid  =  C^  O3  .  .  3 
It  requires  a  little  cimsideration  to  enable  us  to  appreciate  the  true  im- 
portance of  thesfi  and  other  organic  aeids,  in  the  vegetable  economy.  At 
first  sight  they  appear  lo  form  a  much  smaller  part  of  the  general  pro- 
ducts of  vegetation  than  is  really  the  case.  We  must  endeavour  (o 
conceive  the  quantity  actually  produced  by  a  single  tree  loaded  with 
(hoiisands  of  lemons,  oranges,  or  apples, — or  again,  how  much  is  formed 
during  the  growth  of  a  single  comparatii'ely  small  plant  of  garden  rhu- 
barb in  spring,  if  we  would  obtain  an  adequate  idea  of  the  extent  lo 
which  these  acids  ate  constantly  formed  in  natiLre.  On  the  other  hand, 
we  must  recollect  also  that  the  greater  portion  of  the  acid  of  fruits  disap- 
pears as  they  ripen,  if  we  would  understand  the  true  nature  of  the  in- 
terest which  really  attaches  to  the  study  of  these  substances,  of  Ihe 
changes  to  which  they  are  liable,  and  of  the  circumstances  under  which 
in  nature  these  changes  take  place. 

6°.  I  will  venture  here  to  draw  your  allention  for  a  moment  to  the  na- 
ture and  extent  of  that  remarkable  power  over  matter,  which  the  chem- 
ist, as  above  explained,  appears  to  possess.  Such  a  consideration  will 
be  of  value  not  only  in  illustrating  how  far  we  really  can  now,  or  may 
hereafter,  expect  lo  he  able  to  influence  or  control  natural  operations, 
[see  Lecture  II.,  p.  32,]  but  what  is  probably  of  more  value  slill,  exhibit- 
ing the  true  relation  which  man  bears  lo  the  other  parts  of  creation;  and, 
in  some  measure,  the  true  position  he  is  intended  to  occupy  among  them. 
1".  We  have  seen  that  the  chemist  can  transform  certain  substances 
one  into  the  other,  in  a  known  order ;  but  that  as  yet  he  cannot  reverse 
thai  order.  Thus  far  his  power  over  matter  is  at  present  limited ;  but 
this  limit  lie  inay  at  some  future  period  be  able  to  overpass,  and  we 

■  It  is  idonlical  ill  consUIQIlod  wMi  eoroniei  (p.  114)~Uie  uncryalallliabie  sugar  of  sjrups. 
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khnw  noi  how  far.  The  diacovery  of  a  new  agenl,  or  of  a  new  mode 
of  creatineDi,  may  enable  him  to  accomplish  what  he  haa  not  as  yet  the 
means  or  the  skill  to  pertbrin. 

2°.  He,  has  it  in  his  powet  lo  form,  actually  lo  produce,  some  of  the 
organic  or  orgaaized  substances  which  occu  in  living  plants.  He  can 
jbrra  gum,  anil  grape  sugar,  in  any  qoaniify*  Thus  far  he  can  imitate 
and  take  the  placf  of  the  living  principle  il%flf. 

Numerous  other  cases  are  known,  in  -vhich  he  displays  a  similar 

fower.  By  the  action  of  nitric  acid  upon  s  tareh  or  sugar,  [see  Lecture 
II.,  p.  47,]  be  can  form  oxalic  acid,  which  as  has  already  been  sliown, 
occurs  very  largely  in  the  vegetable  kiiigd  im.  By  the  action  of  heal 
upon  citric  acid,  he  can  decompose  it  ani  produce  an  acid  which  is 
met  with  in  the  Wolfebane  (Aconitum  napeDiis),  and  hence  is  called 
acmnitic  acid.'  AUo  by  the  action  of  sulphuric  acid  be  can  change 
saiicine  and  jfAforiaine— substances  extracted  respectively  from  the  bark 
of  the  willow  and  fronn  that  of  the  root  of  the  apple  tree — into  a  resinous 
matter  and  ^rape  sugar.  Soi  of  the  coinpou  nds  which  are  found  in  the 
solids  and  fluids  of  animal  bodies,  there  are  some  which  he  has  also 
succeeded  in  forming  by  the  aid  of  his  chemical  art. 

Elated  by  such  achievements,  some  chemists  appear  willing  to  hope 
that  all  nature  is  to  be  subjected  to  their  dominion,  and  that  they  may 
hereafter  be  able  to  rival  (he  living  principle  in  all  its  operations.  It  is 
true  that  what  we  now  know,  and  can  accomplish,  are  but  the  begin- 
nings of  what  we  may  fairly  expect  hereafter  to  eSect.  But  il  is  of  con^- 
sequence  (o  bear  in  mind  the  true  position  in  which  we  now  stand,  and 
ihe  true  direction  in  which  all  we  at  present  know  seems  to  indicate  that 
our  future  advances  in  knowledge,  and  in  control  over  nature,  are  likely 
to  proceed.     And  this  leads  me  to  observe — 

3".  That  our  dotainiou  is  at  present  limited  solely  to  Iransforming 
and  decomposing.  We  can  transform  woody  fibre  into  gum  or  sugar — ■ 
we  cannot  form,  either  gum  or  sugar  by  llie  direct  unioii,  of  their  elements. 
We  can  resolve  saiicine  by  the  acid  of  sulphuric  acid  into  resin  and 
grape  sugar ;  bui  we  cannot  cause  (he  clenaenta  of  which  they  consist  to 
unite  togeihet  in  our  hands,  so  as  to  form  any  one  oF  the  three.  We 
nannot  even  cause  ihe  resin  and  the  sugar  to  re-unite  and  rebuild  the  saii- 
cine froni  which  they  were  derived. 

So  we  can  by  heat  drive  off'the  elements  of  water  from  the  citric  and 

compounds,  when  thus  separated,  to  return  to  their  former  condition  of 
citric  acid  ;  and,  if  we  could,  we  should  still  be  as  far  removed  {torn  the 
power  oCcomitiandiiig  or  compelling  the  direct  union  of  carbon,  hydro- 
gen, and  oxygen,  in  such  proportions,  and  in  such  a  way,  as  to  build  up 
either  of  the  two  acids  in  question. 

Again,  we  can  actually  form  oxalic  acid  hy  the  action  of  nitric  acid 
■Theaeiwoactdadifferrromeaoliothetonlyiy  Hie  elements  of  an  atom  ofwaior.    Tlius 
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upon  starch,  or  wood,  or  sugar,  or  any  other  of  a  great  variety  of  vegeta- 
ble substances — but  we  cannot  prepare  it  by  the  direct  union  of  its  ele- 
ments. We  can  only  as  yet  procure  it  from  substances  which  have 
already  been  organized — which  have  been  ihemselves  produced  by  the 
agency  of  the  living  principle. 

The  same  remarks  apply  with  slight  alteration  to  those  substances  of 
animal  origin  to  which  I  have  above  alluded  as  being  within  the  power 
of  the  chemist  to  produce  at  will.  There  13  hardly  an  exception  10  the 
rule,  that  in  producing  organic  substances,  as  they  are  called,  the  chem- 
ist must  employ  other  organic  substances  which  are  as  yet  beyond  his 
art — which,  so  far  as  we  know,  can  only  he  formed  under  the  direction 
of  the  living  [irineiple.  Tlius  the  sum  of  the  chemist's  power  in  imita- 
ting orf;anic  nature  consists,  at  present,  in  bis  ability — 

1".  To  transform  one  substance  found  only  in  the  organic  kingdom 
into  some  other  substances,  produced  more  or  less  abundantly  in  the 
same  kingdom  of  nature.  This  power  he  exercises  when  he  coaveria 
starch  into  sugar,  or  fibrin  into  albumen  or  casein. 

2°.  To  rcioJue  a  more  complex  or  compound  substance  into  two  or 
more  which  are  less  so,  and  of  which  less  (iomplex  substances  some  may 
be  known  to  occur  in  vegetable  or  animal  bodies. 

3°.  Todecoaiposeorgauic  compounds  by  means  of  hisehemicaZ  agents, 

pounds,  such  as  are  formed  under  the  direction  of  the  living  principle. 

In  no  om  case  can  he  form  the  substances  of  which  animals  and  ^ants 
chiefly  consist,  eut  of  those  on  v-kick  animals  and  plants  chiefly  live. 

But  this  is  the  common  and  every-day  result  of  the  agency  of  the  liv- 
ing principle.  Is  there  as  yet,  then,  any  hope  that  the  chemical  labo- 
ratory shall  supersede  the  vascular  system  of  animals  and  plants ;  or 
that  the  skill  of  the  chemist  who  guides  the  operations  within  it,  shall 
ever  rival  that  of  the  principle  of  life  which  presides  over  the  chemical 
chatiges  that  lake  place  in  animal  and  vegetable  bodies  1 

The  true  place,  therefore,  of  humgn  skill — the  true  prospects  of  chem- 
ical science — are  pointed  out  by  these  considerations.  No  science  has 
accumulated  so  many  and  such  various  treasures  as  chemistry  has  done 
during;  the  last  90  years — none  is  at  present  so  widely  extending  the 
hounds  of  our  knowledge  at  this  moment  as  the  branch  of  organic  chem- 
istry— men  may  therefore  he  excused  for  entertaining  mote  sanguine 
expectations  from  the  progress  of  a  favourite  science  than  sober  reason- 
ing would  warrant.  Yet  it  is  of  importance,  I  think,  and  especially  in 
a  moral  point  of  view,  that  amid  all  our  ardour,  we  should  entertain 
clear  and  just  notions  of  the  kind  and  extent  of  knowledge  to  wliich  we 
are  likely  to  attain,  and — as  knowledge  in  chemistry  is  really  power 
over  matter — to  what  extent  this  power  is  likely  ever  lo  be  carried. 

At  present,  if  we  judge  from  our  actual  knowledge,  and  not  from  our 
hopes — there  is  no  prospect  of  our  ever  being  able  to  imitate  or  rival 
living  nature  in  actually  compoundieg  from  their  elements  her  nume- 
roys  and  varied  productions.  That  we  may  clearly  understand,  and  be 
able  to  explain  many  of  her  operations,  and  even  to  aid  her  in  effeciing 
ihem,  is  no  way  inconsistent  with  an  inability  10  imitate  her  by  the  re- 
sour.cesJiJ'art.  This  will,  I  trust,  appear  more  distinctly  in  the  subse- 
qaent  ieciure.  »^ni  )i  UMi.' 


LECTURE  VII. 

Ohemicat  changes  b7  which  the  Bubstances  nf  which  planischle 


Haviko  lliua  considered  the  nature  and  chemical  constilution  of  those 
substances  which  constitute  by  far  the  largest  part  of  the  solids  and 
fiuids  of  living  veaeiablea,  we  are  now  prepared  for  the  furllier  question 
— Kif  what  ck&tacS.  chaTiges  these  tubstances  of  iuhkh  plants  consist,  arc 
formed  oat  of  those  on  vmch  they  live  ? 

The  growth  of  a  plact  from  the  germination  of  the  seed  in  spring  till 
the  fell  of  ihe  leaf  in  autumn,  or  me  return  of  the  succeeding  spring- 
lime,  may  in  perennial  plants  be  divided  into  four  periods — during  which 
they  either  live  on  different  food,  or  expend  their  main  strength  in  the 
prdduclion  of  different  substances.  These  periods  maybe  dlsiinguislied 
as  ibilows : — 

1°.  The  period  of  germination — from  the  sprouting  of  the  seed  to  the 
(brmaliotl  of  the  perfect  leaf  and  rooi. 

2°.  From  the  enpansion  of  the  first  true  leaves  lo  the  period  of  flow- 
ering. 

3°.  From  the  opening  of  the  flower  to  the  ripening  of  the  fruit  and 

4".  From  the  ripening  of  the  seed  or  ffuil,  till  the  fall  of  the  leaf  and 
the  subsequent  return  of  spring;  On  the  ripening  of  the  fruit  the  func- 
tiouB  of  annual  plants  are  in  general  discharged,  and  Ihey  die ;  but  per- 
ennial plants  have  still  important  duties  to  perform  in  order  to  prepare 
ihem  for  the  growth  of  the  following  spring. 

The  explanation  of  the  chemical  changes  to  whicl]  our  attention  is  to 
be  directed  will  be  more  clear,  and  perhaps  more  simple,  if  we  consider 
them  in  relation  (o  these  several  penods  of  growth. 

§  1,  Chemical  changes  which  take  place  during  germination  and  during 
the  development  of  the  first  leaves  and  roots. 

The  general  nature  of  ihe  chemical  changes  which  lake  place  during 
germination  is  simple  and  easy  to  be  comprehended. 

Let  us  firslconsidershortly  the  phenomena  which  have  been  observed 
(o  accompany  germination,  and  the  eircumsiances  which  are  most  fa- 
vourable to  i(8  rapid  and  healthy  progress. 

1°.  Before  a  seed  will  begin  to  sprout,  it  must  he  placed  for  a  lime  in 
a  suffieient)y  moist  siluaiion.  We  have  already  seen  how  numerous 
and  important  are  the  functions  which  water  performs  in  reference  lo 
vegetable  life  (Lecture  U.,  p.  36,)  in  every  stage  of  a  plant's  growth. 
In  the  seed  no  citculalion  can  lake  place — no  motion  among  the  parti- 
cles of  matter — until  water  has  beer  largely  imbibed  ;  nor  can  the  food 
be  conveyed  through  the  growing  vessels,  unless  a  constant  supply  of 
fluid  be  afforded  (o  the  seed  and  its  infant  tools. 

2°.  A  certain  degree  of  warreith — a  slight  elevation  of  temperature — 
ia  also  favourable,  and  in  moat  cases  necessary,  to  gergijp^i(ui^  i^- 
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The  degree  of  warmth  wliich  is  retjuired  in  order  that  seeds  may  be- 
gin 10  grow,  varies  with  the  oaiure  of  the  seed  ilself.  In  Nonliern  Si- 
beria and  other  icy  countries,  plants  are  observed  to  spring  up  at  a  tem- 
perature but  slightly  raised  above  the  freezing  point  (32°  F.,)  but  it  is 
familiar  to  every  practical  agriculturist,  that  (he  seeds  he  yearly  con- 
signs to  the  soil  require  to  be  protected  from  the  inclemency  of  the 
weather,  and  sprout  most  quickly  when  tbey  are  stimulated  by  the 
warmth  of  approaching  spring,  or  by  the  heat  of  a  summer's  suu. 

The  same  fact  is  familiarly  shown  in  the  mailing  of  barley,  where 
large  heaps  of  grain  are  moistened  in  a  warm  atmosphere.  When  ger- 
ntiiialion  commences,  the  grain  heats  spontaneously,  and  the  growth 
increases  io  rapidity  as  the  neap  of  corn  attains  a  higher  temperature. 
It  tiius  appears  that  some  portion  of  that  heat  which  the  growth  of  the 
germ  and  radicles  requires,  is  provided  by  natural  processes  in  the  grain 
ilsiilf;  in  some  such  way  as,  in  the  bodies  of  animals,  a  constant  supply 
of  heat  is  kept  up  by  the  vital  processes — by  which  supply  the  cooling 
eiFect  of  the  surrounding  air  is  continually  counteracted. 

Wo  have  seen  io  the  preceding  lecture,  that  the  transformations  of 
which  starch  and  gum  are  susceptible,  lake  place  with  greater  certainly 
and  rapidity  under  the  influence  of  an  elevated  temperature.  It  will 
presently  appear  that  such  transformations  are  also  aflecied  during  ger- 
mination ;  there  is  reason,  therefore,  to  believe  that  the  external  warmth 
which  is  required  in  order  that  germination  may  begin,  as  well  as  the 
internal  heat  naturally  developed  as  germination  advances,  are  both 
employed  in  eftecling  these  transformations.  And,  as  the  voung  sprout 
shoots  more  rapidly  under  the  influence  of  a  tropical  sun,  it  is  probable 
that  those  natural  agencies  in  general,  by  which  such  chemical  transfor- 
mations are  most  rapidly  promoted,  are  also  those  by  which  the  pro' 
gross  of  vegetation  is  in  the  greatest  degree  hastened  and  promoted. 

3°.  It  has  been  observed  that  seeds  refuse  to  gemiinaie  if  they  are  en- 
tirely excluded  from  the  air.  Hence  seeds  which  are  buried  beneaili 
such  a.  depth  of  soil  that  the  atmospheric  air  cannot  reach  them,  will 
remain  long  unchanged,  evincing  no  signs  of  life — and  yet,  when  turned 
up  or  brought  near  the  surface,  will  speedily  begin  to  sprout.  Thus  in 
trenching  the  land,  or  in  digging  deep  ditches  and  drains,  the  farmer  is 
often  surprised  to  6nd  the  earth,  thrown  up  from  a  depth  of  many  feel, 
become  covered  with  young  plants,  of  species  long  extirpated  from  or 
but  rarely  seen  in  his  cultivated  fields. 

4°.  Yet  light  is,  generally  speaking,  prejudicial  to  germinatbn. 
Hence  the  necessity  nf  covering  the  seed,  when  sown  in  our  gardens  and 
corn  fields,  and  yet  of  not  sc)  fat  burying  it  that  the  air  shall  be  excluded. 
In  the  usual  method  of  sowing  broad-cast,  much  of  the  grain,  even  after 
harrowing,  remains  uncovered  :  and  the  prejudicial  influence  of  light  in 
preventing  the  healthful  germination  cif  such  seeds  is  no  doubt  one  rea- 
son why,  by  the  method  of  dibhling,  fewer  seeds  are  observed  to  fail,  and 
an  equal  return  of  coru  is  obtained  from  a  much  smaller  expenditure  of 

The  reason  why  light  is  prejudicial  to  germination,  as  well  as  why 
tho  presence  of  aimospberjc  air  is  necessary,  will  appear  from  the  fol- 
lowing observation  ; — 

5".  When  seeds  are  made  tc 
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r,  tlie  bulk  of  ilie  air  undergoes  no  material  alteration,  but  on 
ion  ii9  oxygen  is  found  lo  liave  dimioislieJ,  and  tarbonic  acid 
to  bave  laben  io  place.  Tberelbre,  during  germination,  seeds  absorb 
oxygen  gas  and  give  off  carbonic  acid. 

Hence  it  ia  easy  lo  understand  why  the  presence  of  air  ia  necessary 
to  germinHtion,  and  why  seeds  refuse  lo  sprout  in  hydrogen,  nitrogen, 
or  carbonic  acid  gases.  They  cannot  sprout  unless  oxygen  be  wUliin 
their  reach. 

We  have  seen  also  in  a  previous  lecture  thai  the  leaves  of  plants  in 
ihe  sunshine  give  off  oxygen  gas  and  absorb  carbonic  acid, — while  iil 
the  dark  ihe  reverse  takes  place.  So  it  is  with  seeds  which  have  begun 
10  germinate.  When  exposed  to  the  light  they  give  off  oxygen  instead 
of  oarbonio  acid,  and  thus  the  natural  process  is  reversed.  But  it  is  ne- 
cessary lo  the  growth  of  the  young  germ,  that  oxygen  should  be  absorb- 
ed, and  carbonic  acid  given  of.— and  as  this  can  take  place  to  the  requir- 
ed extent  only  in  the  dark,  the  cause  of  the  prejudicial  action  of  light  is 
sutBeiently  apparent  as  well  as  (he  propriety  of  covering  the  seed  with  a 
thin  layer  of  soil. 

6°.  Hu ring  germination,  vinegar  (acetic  acid)  and  diastase  are  pro- 
duced. That  such  is  the  case  in  regard  to  the  latter  substance,  has  been 
proved  in  the  previous  lecture,  (p.  118.)  That  acetic  acid  is  formed  is 
shown  by  causing  seeds  to.  germinate  in  powdered  chalk  or  carbonate  of 
lime,  when  after  a  time  acetate  of  time'  may  be  washed  out  from  the 
chalk  (Braconnot)  in  which  they  have  been  made  to  grow.  The  acid 
contained  in  ihis  acetate  most  have  been  formed  in  the  seed,  and  after 
wards  excreted  or  thrown  out  into  the  soil. 

7°.  When  ihe  germ  has  shot  out  from  the  seed  and  attained  to  a  sen- 
sible length,  it  is  found  to  be  possessed  of  a  sweet  lasie.  This  laste  is 
owing  10  the  presence  of  ^a^  sugar  in  the  sap  which  has  already  be- 
gun to  circulate  through  its  vessels. 

It  has  not  been  clearly  ascertained  whether  the  vinegar  or  the  dias- 
tase is  first  produced  when  germination  commences,  but  there  seems 
little  doubt  tbtit  the  grape  angaria  Ibrnied  subseijoemly  to  the  appear- 
ance of  both. 

8'.  The  young  shoot  which  rises  upwards  from  the  seed  consists  of 
a  mass  of  vessels,  which  gradually  increase  in  length,  and  after  a  short 
time  expand  into  the  first  true  leaves.  The  vessels  of  this  first  shooi  do 
not  consist  of  unmLxed  woody  fibre.  It  is  even  said  that  no  true  wood 
is  formed  till  theArst  true  leaves  are  developed. —  [Lindley's  Themy  of 
HorticultuTe.l  The  vessels  of  the  young  sprout,  therefore,  and  of  the 
early  radicles,  probably  consist  of  the  cdlular  fibre  of  Payen.  They 
are  uni|uestioaab!y  Ibrmed  of  a  substance  which  is  in  a  stale  of  transition 
between  slaroh  or  sugar  and  ivoody  fibre,  and  which  has  a  constitution 
analogousf  lo  that  of  both. 

Havi[]g  thus  glanced  at  the  phenomena  which  attend  upon  gennina- 
tion,  let  us  now  consider  ihe  chemical  changes  by  which  these  phenom- 
ena are  accompanied. 

1°.  The  seed  absorbs  oxygen  and  gives  off  carbonic  acid.     We  have 


already  seen  thai  the  starch  of  the  seed  (C,^  Hu  O,^)  may  be  repre- 
sented by  carton  and  waier, — by  12C  +  lOHO.  Now  it  appears  tlint 
in  L-oniact  with  the  osygen  of  the  atmosphere,  a  portion  of  the  starch  is 
aotuaUy  separated  into  carbon  and  water,  ihe  carbon  at  the  moment  of  sepa- 
ration uniting  with  the  oxyg|en,  and  forming  carbonic  acid  (COa).  This 
acid  is  given  o(£  into  the  soil  in  the  form  oFgas,  and  ihence  partially  es- 
capes ieto  the  air;  but  for  whal  immediate  purpose  it  is  evolved,  or  how 
its  formation  is  connected  with  the  further  development  of  the  germ,  has 
not  hitherto  been  explained. 

2°.  Tlie  formation  of  acelic  acid  (vinegar)   from  the  starch  of  iho 
arain  is  also  easy  to  comprehend.     For,  as  we  have  already  seen, 
Starch  .  .  .  =C,aH  „  0,„ 
3of  VinEGAR    .  .  =C,3Hs    Ob 


Difference    =  Hi    Oi  ;  or  the  elements  of 

an  atom  of  water.  Therefore,  in  this  early  stage  of  the  growth  of  the 
germ  a  portion  of  the  starch  is  deprived  of  the  elemcnls  of  an  atom  of 
■water,  and  at  the  same  (iiae  iratisformed  into  vinegar. 

Wh^  is  this  vinegar  forEned!  It  is  almost  as  difGcuk  to  answer  liiis 
question  as  to  say  why  cattooic  acid  is  evolved  from  the  seed,  though 
both  undoubtedly  serve  wise  and  useful  ends. 

It  has  been  explained  in  the  preceding  lecture  how  the  action  of  dilute 
acids  gradually  changes  starcli  into  cane  sugar, and  the  latter  iniograjje 
sugar..  While  it  remains  in  the  sap  of  the  sprouting  seed,  the  vinegar 
may  aid  the  diastase  in  transforming  the  insoluble  starch  into  soluble 
food  for  the  plant,  and  may  be  an  instrument  in  securing  the  conversion 
of  the  cane  sugar,  which  is  the  first  formed,  into  grape  sugar, — sinea 
cat^e  sugar  cannot  long  exist  in  the  presence  of  an  acid. 

After  the  acelic  acid  is  rejected  by  the  plant,  it  may  act  as  a  solvent 
on  the  lime  and  other  earthy  matters  contained  in  the  soil.  Liebig  sup- 
poses the  especial  function  of  this  acid — the  reason  why  it  is  formed  in 
the  germ  and  excreted  into  tlie  soil — tpbe.todtssolveihelime,  &i!.,  which 
the  soil  contains,  and  to  return  into  the  pores  of  the  rools,  hearing  in  so- 
lution the  earthy  substances  which  the  plant  requires  for  its  healthy 
growth.  This  is  by  no  means  an  unlikely  function.  It  is  only  conjec- 
tural, however,  and  since  the  experiments  of  BtaeoonothaveBhownihal 
acelale  of  lime,  even  In  small  quantity,  may  be  injurious  to  vegetation, 
it  becomes  more  doubtful  how  far  the  formation  of  this  compound  in  the 
soil,  and  the  subsequent  conveyance  of  it  into  the  circulation  of  the  plant, 
can  be  regarded  as  the  special  ])urpose  for  which  acelic  acid  is  bo  gene- 
rally produced  during  germination. 

3°.  The  early  sap  of  the  young  shool  is  sweet ;  it  contains  grape  su- 
gar. This  sugar  is  alsiJ  derived  from  the  starch  of  the  seed.  Being 
rendered  soluble  by  the  diastase  formed  at  the  base  of  the  germ,  the 
starch  is  gradually  converted  into  grape  sugar  as  it  ascends.  The  rela- 
tion between  these  two  compounds  has  heen  already  pointed  out. 

Starch =C,3  H,o  0,„ 

Grape  SusAR     .     .     .     =€,^^,^0,^ 

Diiieienco   .     .     ,     .     =  H^    O^;   or  lUe  ele-. 

ments  of  two  atoms  of  water.    The  water  which  is  imbibed.by'ihASe^lC 


from  (lie  soil,  forms  an  abundant  source  fiom  which  the  whole  of  ihe 
aiarcli,  rendered  soluble  by  the  diastase,  can  be  supplied  wilh  the  ele- 
raenls  of  the  two  atoms  of  water  which  are  necessary  to  its  subsequeut 
conversion  into  grape  sugar 

4°.  Tlie  diastase  is  formed  when  the  seed  begins  to  sprout,  at  the  cx- 
petise  of  the  gluten  or  vegetable  albumen  of  the  seed,  but  as  iia  true 
constitution  is  not  yet  known,  we  cannot  explain  the  exact  chemical 
changes  by  which  its  production  is  effected. 

50.  When  the  true  leaf  becomes  expanded,  true  wood  first  appears 
in  sensible  q^uaiitily.  By  what  action  of  (he  sun's  rays  upon  the  leaf 
the  sugar  already  in  solution  in  the  sa(j  is  converted  into  woody  fibre, 
we  cannot  explain.  The  conversion  itself  is  in  appearance  sim].>le 
enough,  since 

Gfi.APe  SuGAK  .     .     =  C,g  H,j  Oia,  and 

WooDv  Fibre         .     .     ^CiaHa    O, 


Diderence    .     .     .     .     =  H,    O, ;  or  the  former 

must  part  wilh  the  elements  of  four  atoms  of  waler  only,  to  be  prepared 
for  its  change  into  the  laiier.  But  the  true  naiute  of  the  molecular* 
change  by  which  this  transformation  is  brought  about,  as  well  as  the 
catises  w-hich  lead  to  it  and  the  immediate  instruments  by  which  it  is 
effected,  are  all  still  mysterious. 

§  2.  Of  ike  chemical  changes  which  take  place  fiom  &ie  formation  of  tJie 
true  leaf  to  the  expansion  ofthejiower. 

When  the  true  leaf  is  formed  the  plant  has  entered  upon  a  new  stage 
of  its  existence.  Up  to  (his  time  it  is  nourished  almost  solely  by  ihe 
food  contained  in  the  seed, — it  henceforth  derives  its  sustenance  from  ihe 
air  and  from  the  soil.  The  apparent  mode  of  growth  iathe  same,  (he 
stem  shoots  upwards,  the  roots  descend,  and  they  consist  essentially  of 
the  same  chemical  substances,  hut  they  are  no  longer  formed  at  (he  ex- 
pense of  (he  starch  of  (he  seed,  and  ihe'  chemical  changes  of  which  they 
are  the  result  are  entirely  different. 

1°.  The  leaf  absorbs  carbonic  acid  in  the  sunshine,  and  gives  off  ox- 
ygen in  equal  biilk.f  It  is  in  the  light  of  the  sun  that  plants  increase  in 
size — their  growth,  therefore,  is  ioiimately  connected  wilh  this  absorp- 
tion of  carbonic  acid. 

If  carbonic  acid  be  absorbed  by  ihe  leaf  and  ihe  whole  of  its  oxygen 
given  off  again, t  carbon  alone  is  added  lo  (he  plant  by  this  function  of 
ihe  leaf.  But  it  is  added  in  the  presence  of  the  water  of  the  sap,  and 
thus  is  enabled  by  uniting  wilh  it  to  form,  as  it  may  be  directed,  or  as 
may  be  necessary,  any  one  of  (hose  numerous  compounds  which  may 

and  all  chemioal  ohsnjee  which  lake  piBce  tiiilia  estne  m^a  of  millet  »ra  supposed  to  be 
owing  10  the  differeni  wa^g  in  whinh  Oioae  paniclea  Bmnge  [taeniBelTea.  W^  uiay  Tonn  a 
remoleldesortbe  vty  In  which  diObrent  piultlhng  or  the  «me  putid^g  mmyprodace  dif- 
ferent gnbgtmiceg.  b;  cnpaldeiing  haw  dinSrenl  epirm  in  Hosale  oihj  ha  pTDdacod  by  dif- 

t  Bueh  leoetw^lhe  reeult  of  esperlmojiL  Hour  ikr  this  nsnll  can  be  coniLdered  as  uu^- 
Tersnlly  Inie.  wJU  be  ejiamined  iLereafler 
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be  represented  by  carbon  and  water,  (p.  Ill,)  and  of  which,  as  we  have 
seen,  the  sohd  parts  of  plants  are  chieSy  made  up. 

There  are  two  ways  in  which  we  may  suppose  the  oxygen  given  off 
by  ihe  leaf  to  be  set  free,  and  the  aiarch,  sngar,  and  gum,  to  be  subae- 
(juently  formed. 

A.  The  action  of  liglit  on  the  leaf  of  the  plant  may  directly  decompose 
Ike  carbonic  acid  after  it  has  been  absorbed,  and  cause  ihe  oxyen  to  sep- 
arate from  the  carboQ,  and  escape  into  the  air ! — while  at  the  same  in- 
stant the  carbon  (bus  set  fn-s,  may  nnite  with  the  water  of  the  sap  in 
different  proportions,  so  as  to  produce  either  sugar,  gum,  or  starch. 
Suppose  12  stoios  of  carbonic  acid  {12  CO3)  lo  be  thus  decomposed,  and 
their  carbon  to  unite  with  10  of  water  (10  SO),  we  should  havo 
from  12  of  Carbonic  Acid  .  =  C,^ 

which  united  to  10  of  Water      .     ,     .  ^  H,,,   Oio 


wouldgive  1  of  Gum  or  of  Cane  Sugar  =  C,3  H,,,  0,„ 
while  24  of  oxygen  would  be  given  off,  the  whole  of  which  would  have 
been  derived  from  the  carbonic  acid  absorbed  by  the  plant. 

B.  Or  the  action  of  the  sun's  rays  may  be  directed,  in  the  leaf,  to  the 
decomposition,  not  of  carbonic  acid,  but.  of  ihe  water  of  iha  sap.  Theosy- 
geu  of  the  water  may  be  separated  from  the  hydragen,  while  at  (he  same 
instant  the  laiier  element  (hydrogen)  may  unite  with  ihe  carbonic  acid 
to  produce  the  sugar  or  starch.  The  result  here  is  the  same'  as  before, 
but  the  mmle  in  which  it  is  brought  about  is  very  difierently  represented, 
and  appears  much  more  complicated.  Thus,  suppose  24  of  water 
(24  HO)  to  be  decomposed,  and  to  give  off  their  osygen  into  the  air,  24  of 
oityeeti  would  be  evolved  as  in  the  former  case,  the  viho\e  o{  whick  would 
be  derived  from  the  decamposUwin  of  water,  while  there  would  remain 
24  of  HiDROGBN  .     .   =  a, 

Let  this  act  on   12  of  Carbohic  Acid  =  Cu  Oa4 


and  we  have  as  the  result C,a   H34  0^4; 

Slareh,  *o,  Waior. 

or  Cia  H,„   Oif,  +   14H0. 

According  lo  this  mode  of  representing  the  chemical  cjiauges,  water  is 
first  decomposed  and  its  oxygen  evolved,  then  its  hydrogen  again  com- 
bines with  the  carbon  and  oxygen  of  the  carbonic  acid,  and  forming  two 
products — water  and  sugar  or  starch.  This  view  is  not  only  more  com- 
plicated, but  it  supposes  ihe  same  action  of  light  lo  be — continually,  at 
the  same  time,  and  in  the  same  circumstances — both  decomposing  wa- 
ter and  re-forming  it  from  its  elements.  While,  tlierefore,  there  can  be 
no  doubt,  for  other  reasons  not  necessary  to  be  slated  in  (his  place,  that 
the  light  of  the  sun  really  does  decompose  water  in  the  leaves  of  plants, 
and  more  in  some  than  in  others — yet  i(  appears  probable  that  the  oxygen 
evolved  by  the  leaf  is  derived  in  a  great  measure  from  the  carbonic  acid 
which  is  absorbed;  and  that  the  principal  part  of  the  solid  substance  of 
living  vegetables,  in  so  far  at  least  as  it  is  derived  from  the  air,  is  pro- 
duced by  ihe  union  of  ihe  carbon  of  this  acid  with  the  elements  of  t!ie 


fecuinu'e),  that  Iha  . 
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We  have  seen  reason  to  conclude  (p.  63)  tbal,  while  plants  derive 
much  of  (heir  susteoancB  from  the  air,  they  are  also  fed  more  or  less 
abundantly  by  the  soil  in  which  they  grow.  From  this  soil  they  ob- 
tain through  Iheir  roots  the  carbonic  acn!  which  is  continually  given  off 
by  ihe  decaying  vegetable  naalter  it  contains.  This  carbonic  acid  will 
ascend  to  the  leaf,  and  will  there  undergo  decomposilion  along  with  that 
which  is  absorbed  by  (he  leaf  itself.  At  least  we  know  of  no  function 
of  the  root  or  stem  by  whicji  the  carbonic  acid  derived  from  the  soil  can 
be  decomposed  and  deprived  of  its  oxygen  before  it  reaches  the  leaf. 

It  is  distinctly  stated,  indeed,  by  Sprengel,  [see  above,  p.  92,]  that 
when  the  roofs  of  a  plant  are  in  the  presence  of  carbonic  acid,  the  oxy- 
gen given  off  hy  the  leaf  is  greater  in  bulk  than  llje  carbonic  acid  ab- 
sorbed. But  there  is  one  observation  in  connection  with  this  point  which 
it  seems  to  me  of  importance  to  make.  The  leaves  supply  carbon  to 
the  plant  only  in  the  form  of  carbonic  acid,  and  they  give  off  a  bulk  of 
osygen  gas  not  exceeding  that  of  ihe.aeid  taken  in,  pee  note,  below.] 
But  if  (be  carbon  derived  from  the  soil  be  also  absorbed  in  the  forn:  of 
carbonic  acid,  and  if  the  oxygen  contained  in  this  portion  of  acid  is  al>io 
given  off  by  the  leaf— either  the  quantity  drawn  from  the  soil  must  be 
small,  compared  with  that  inhaled  from  the  air,  or  ihe  oxygen  given  off 
by  ihe  leaf  must,  in  the  ordinary  course  of  vegetation,  be  sensibly  great- 
er than  (be  bulk  of  ihe  carbonic  acid  which  it  ahsorhs. 

We  are  too  little  familiar  with  the  chemical  fuQciions  of  the  several 

farts  of  plants  to  be  able  lo  pronounce  a  decided  opinion  on  this  point ; 
ul  it  appears  evident  that  one  or  other  of  the  three  following  conditions 
must  obtain : — 

(a).  Either  in  the  general  vegelalion  of  the  globe  the  bulk  of  the  osy- 
gen  gas  given  off  by  the  leaf  during  the  day  must  always  be  considera- 
bly greater  than  that  of  the  carbonic  acid  absorbed  by  it ;  or 

(6).  The  root  or  stem  must  have  the  power  of  decomposing  carbonic 
acid  and  of  separating  and  setting  free  its  oxygen  ;  or 

(c).  The  plant  can  derive  no  considerable  portion  of  its  carbon  from 
the  soil,  in  the  form  of  carbonic  acid. 

If  (he  experiments  hitherto  made  by  the  vegetable  physiologists  be 
considered  of  so  decisive  a  character  as  lo  warrant  us  in  rejecting  ilie 
two  former  conditions,  the  third  becomes  also  untenable, 
sar;  pmpartlana  of DijEcn  and  hydn^ea  derived  lYain  the  naleiaf  Ihe  sap.    This  opinion 
(en  (CO  +  b>,  apd  Ihal  walet  likewiao  ia  deMmposed.-the  Di;pon  produced  by  bolh  de- 

from  l3ofC*RBo»io  Aoin  =  iaCOa    .    ■    ■    Cis        Ois     '  Ois 

FreniKofWiTEa-    -    -    =12HO     .    -    ■  Hi!  Ois 


... , r - J,  Ihal  onlj  ODe.half  is 

5an^  of  *mm  ™nor  gavs''offb/ their  "esvesl  in  liia  eiperimenla,  onl;  tn 
■  led  in  the  carbonic  Bold  Ihey  atiaorljcd.    This  result  liaa  led  li 

™(7Va!lfds  Cs™fe°''^*™'B™  Th^rinrlpal  objection  lo  Ih 
lity  of  oiygen  it  BUppoaeH  to  be  rejected  bjrthe  root.  Tho  eipi 
'A  require  CDDfinnBtioa  aDd  eilenslon. 
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3°.  Wiihout  dwelling  at  present  on  this  point,  the  above  considera- 
tions may  be  rcganled  as  giving  additional  strength  or  probability  to  the 
conclusions  we  formerly  arriveS  at  (p.  63)  from  other  pre misesr— that 
'he  roots,  besides  carbonic  acid,  absorb  certain  other  soluble  organic 
compounds,  which  are  always  present  in  the  soil  in  greater  or  less 
qiianlity,  and  that  the  plant  appropriates  and  converts  these  into  its  own 
subatance.  Some  of  these  organic  compounds  may  readily,  and  by  ap- 
parently simple  changes,  be  transformed  into  the  starch  and  woody  fibre 
of  ihe  living  vegetable.  The  iilustralion  of  tliis  fact  will  be  reserved 
nniil,  in  the  second  part  of  these  leclures,  I  come  to  treat  of  the  vegeta^ 
ble  portion  of  soils,  and  of  the  chemical  nature  and  constiiuiion  of  the 
organic  compounds  of  which  it  consists,  or  to  which  it  is  capable  of  giv- 
iog  rise. 

4".  The  chemical  changes  above  explained  (a),  show  how,  from 
carbonic  acid  and  the  elements  of  water,  substances  possessed  of  the 
eleraeniary  constitution  of  sugar  and  gum  may,  by  the  natural  processes 
of  vegetable  life,  obtain  tlie  elements  of  which  they  consist,  and  in  the 
rei^uisite  proportions.  They  ihrow  no  light,  however,  upon  the  me- 
chanisin  by  which  these  elements  are  constrained,  as  it  were,  toassutns 
jirs(  the  form  of  gum  or  sugar,  or  soluble  starch,  and  aftenoards,  in 
another  part  of  the  plant,  of  insoluble  starch  and  woody  fibre. 

It  is  known  that  the  sap  deposits  starch  and  woody  fibre  in  the  stem, 
onlv  in  its  descent  from  the  leaf, — and  it  is,  therefore,  inferred  that  the 
aciion  of  light  upon  the  sap,  as  it  passes  through  the  green  parts,  is  ne- 
cessary lo  dispose  the  elements  to  arrange  themselves  in  the  form  of 
vasciifar  fibre  or  liguin.  And  as,  by  the  agency  of  nitric  acid,  starch 
appears  to  be  convertible  into  woody  fibre  (p.  126),  it  is  not  unlikely 
that  the  soluble  substances,  containing  nitrogen,  which  are  present  in 
the  sap  may — as  diastase  does  upon  starcli — exercise  an  agency  in  trans- 
forming the  soluble  sugar,  gum,  &c.,  of  the  sap  into  the  insoluble  starch 
and  woody  fibre  of  ibe  seed  and  the  stem.  We  are  here,  however,  upon 
uncertain  ground,  and  I  refrain  from  advancing  any  further  conjectures. 

Two  great  steps  we  have  now  made.  We  have  seen  how  die  germ 
lives  and  grows  at  the  expense  of  the  food  stored  up  in  the  seed — and 
how,  when  it  has  obtained  roots  and  leaves,  the  plant  is  enabled  to  ex- 
tract from  the  air  and  from  the  soil  such  materials  as,  in  kind  and  quan- 
tity, are  fitted  to  build  up  its  several  parts  during  its  future  growth. 
That  considerable  obscurity  still  resia  on  the  details  of  what  takes  place 
in  the  interior  of  (he  plant,  does  not  detract  from  the  value  of  what  we 
have  already  been  able  to  ascertain. 

I  3.  On  the  prod'uclion  of  oxalic  acid  in  the  leaves  and  stems  of  plants. 

In  ibe  preceding  section  we  have  studied  (be  origin  of  those  sub- 
stances only  which  form  the  chief  bulk  of  the  products  of  vegetation, 
and  which  are  characterized  by  a  chemical  constitution  of  such  a  kind 
as  enaftles  them  lobe  represented  by  carbon  and  water.  But  during 
the  stage  of  vegetable  growth  we  are  now  considering,  other  comjiounds 
totally  different  in  their  nature  are  also  produced,  and  in  some  plants  ia 
sulficient  quantity  to  be  deserving  of  a  separate  consideration.  Such  is 
the  case  with  oxalic  acid. 

The  circumstances  under  which  this  acid  occurs  in  nature  have  al- 


ready  been  detailed.  It  is  found  in  small  quaniiiies  in  many  plants. 
The  potash  in  forest  trees  is  supposed  to  be  in  combination  with  osalic 
acid,  while  in  the  lichens  oxalate  of  lime  serves  a  purposesiniilar  to  that 
performed  by  the  woody  fibre  of  the  more  perfect  plant;  it  forms  the 
skeleton  by  which  the  vegetable  structure  is  supported,  and  through 
which  its  vascular  system  is  difflised. 

The  production  of  this  acid  in  the  living  plant  is  readily  understood 
when  ita  chemical  cousiituiion  (C^  O3)  is  compared  with  that  of  car- 
bonic acid  (CO^).     For 

3  of  Cabbonio  Acid  =^  Cj  O, 
1  of  Oxalic  Acm       =  Ca  O3 

Difference     .     .     .     O, 

That  is  10  say,  2  of  carbonic  acid  are  transformed  into  1  of  oxalic  acid 
by  the  liiss  of  I  equivalent  of  oxygen — or  generally,  carbonic  acid  by  tke 
loss  ofone-fowth  ofiU  oxygen  may  beconverted  into  oxalic  acid. 

But  the  leaf  absorbs  carbonic  acid  and  gives olT oxygen.  In  the  lichens, 
therefore,  which  contain  so  much  oxalic  acid,  a  large  jmrtion  of  the  car- 
bonic acid  absorbed  is,  by  the  action  of  light,  deprived  of  only  one-fourth 
of  its  oxygen,  aud  is  thus  changed  into  oxalic  acid.  The  same  is  true  lo 
a  smaller  extent  of  the  sorrel  leaves  and  stems,  which  owe  their  sour- 
ness to  the  presence  of  oxalic  acid — of  the  leaves  and  stems  of  rhubarb 
also — in  a  still  smaller  degree  of  (be  beech  and  other  large  trees,  in 
which  much  potash,  and  probably  also  of  marine  plants,  in  which 
much  soda  is  found  to  exist.  It  must  be  owing  to  the  peculiar  structure 
of  the  leaves  of  each  geuus  or  natural  order  of  plants,  that  the  same  ac- 
tion of  the  same  light  decomposes  the  carbonic  acid  in  different  degrees 
— evolving  it:  sotne  a  leas  praportion  of  its  oxygen,  and  causing  in  such 
plants  the  formation  of  a  larger  quantity  of  oxalic  acid. 

The  fact  of  the  production  of  this  oxalic  acid,  to  a  very  considerable 
amount  in  many  plants,  is  a  further  pmof  of  the  uncertainty  of  those 
experiments  from  which  physiologists  have  concluded  that  the  leaves 
of  plants  emit  a  bulk  of  oxygen  sensibly  equal  lo  that  of  the  carbonic 
acid  absorbed." 

I  have  referred  the  production  of  more  or  less  oxalic  acid  in  different 
plants  (o  the  special  structure  of  each,  and  this  must  be  true,  where,  in 
the  same  circumstances,  different  results  of  this  Itind  are  observed  lo 
take  |)lace — as  where  sorrels  and  sweet  clovers  grow  side  by  side.  Yet 
the  influence  of  light  of  different  degrees  of  intensity  00  the  same  plant, 
is  beautifully  shown  by  the  leaves  of  the  SempenAiiuia  arboreum,  of  the 
PoTtulacaria  o/ra,  aod  otheiT-pXanlswkick  are  sour intkevuirning,  tasteless 

10.  TtiBt  plnnle'conlaining  mutli  niiatio  or  Qthet^Bifliilar  arirts,  and  not  deriving  mnch  car- 
bonic acid  frciiu  the  soil,  must  give  off  from  EhetrJeavesabuJli  of  oxj^en  lesslXi^ti  IbaLorthe 
carlxKiio  add  abswbod, 

"""■•ys   


EEi^bly  eqital  in 
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in  the  middle  of  the  day,  and  biiler  in  the  evening. — [Sprenge  ,  Chemie, 
II.,  p.  321.1  During  I  he  night  theoxygenhasaccuniulalediii  lliese  plants 
ami  formea  acida  coiilaining  osygen  in  excess  (p.  137,)  As  the  day  ad- 
vances this  oitygen  ia  given  off;  under  ihe  inflnence  of  light  liie  acids  are 
decomposed,  and  the  sourness  disappears. 

In  the  juices  of  plama  before  the  period  of  flowering,  other  acids  are 
met  with  besides  the  oxalic  acid,  though  in  much  smaller  quantity.  As 
ihe  most  important  of  these,  however,  occur  more  abundantly  in  fruits, 
we  shall  consider  the  theory  of  their  formaiion  in  ilje  following  section. 

5  4,  Of  the  chetiiical  changes  which  lake  place  between  the  opening  of  the 
fioteer  and  the  ripening  ofthefiiiit  or  seed. 

The  opening  of  the  flower  is  the  first  and  most  striking  step  taken  by 
the  plant  towards  the  production  of  rhe  seed  by  which  its  species  is  to  be 
perpetuated.  That  at  this  period  anew  seriesof  chemicalehacgescom- 
mences  in  the  plant  ia  obvious  from  the  following  facta : — 

1°.  That  the  flower  leaves  absorb  oxygen  and  emit  carbonic  acid  both 
by  day*  and  by  night  (p.  95.) 

2°.  That  they  also  occaaionally  emit  pure  nitrogen  gas. 

3".  That  the  juice  of  the  maple  ceases  to  be  sweet  when  the  flowers 
are  matured  (Liebig.)  and  thai,  in  the  sugarcane  and  beetroot,  the  sugar 
becomea  less  abundant  when  the  plant  has  begun  to  bloasom. 

These  facts  sufficiently  indicate  the  comnaencement  of  new  changes 
in  the  interior  of  plants  at  this  period  of  rheir  growth.  That  such  changes 
go  on  until  the  ripening  of  the  seed  is  also  evident  from  these  further  ob- 

1".  That  the  husk  of  the  future  seed,  as  in  the  corn-bearing  grasses 
(wheal,  oats,  &c.,)  is  filled  at  first  with  a  milky  liquid,  which  becomes 
gradually  sweeter  and  more  dense,  and  finally  consolidates  into  a  mix- 
ture of  starch  and  gluten,  such  aa  is  presented  by  the  flour  of  different 
speciea  of  corn. 

3".  That  the  fruit  in  which  the  seeds  of  many  plants  is  enveloped  is 
at  first  tasteless,  afterwards  more  or  less  sour,  and  finally  sweet.  In  a 
few  fruits  only,  as  in  the  lime,  the  lemon,  and  the  tamarind,  doea  a  auf- 
ficlent  quantity  of  acid  remain  to  be  sensible  to  the  taste,  when  tlie  seed 
has  become  perfectly  ripe.  The  acid  and  cellular  fibre  both  diiriiniah 
while  the  sugar  increases. 

3°.  That  fruits,  while  green,  act  upon  the  air  like  the  green  leaves  and 
twigs — but  that,  as  tliey  approach  maturity,  they  also  absorb  or  retain 
oxygen  gas  (DeSausaure.)  The  same  absorption  of  oxygen  takes  place 
when  unripe  fruits  are  ]ilucked  and  left  to  ripen  in  the  air  (Berard.) 
After  a  time  the  latter  also  emit  carbonic  acid. 


In  the  case  of  wheat,  barley,  or  other  plants,  which  yield  farinaceous 
seeds,  we  have  seen  that  previous  to  flowering  the  chief  energy  of  the 
living  plant  is  expended  in  the  production  of  Hie  woody  fibre  of  which 
its  stem  and  growing  branches  mainly  consist;  and  we  have  also  been 
able  to  understand,  in  some  degree,  how  this  woody  fibre  is  produced 
froni  the  ordinary  food  of  the  plant.  When  the  flower  expands,  how- 
•  By  dsy  Iho  obsorplinn  la  ilie  ^realor,  but  the  hullt  of  ilje  DijEen  taken  in  is  b1wbj« 
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ever,  the  plant  has  in  general,  and  especially  if  an  annnal  plani,  reached 
nearly  to  maturity,  and  woody  fibre  is  little  required.  The  most  im- 
portant of  its  reniaining  functions  is  the  production  of  the  staTcb  and  glu- 
ten of  the  seed,  and  of  the  substances  which  Ibrm  the  husk  by  which  the 
seed  is.  enveloped. 

In  the  first  stages  of  the  plant's  growth,  the  starch  of  the  seed  is 
transtbtrmed  into  gum  and  sugar,  and  subsequently,  when  (he  leaves  are 
expanded,  into  woody  fibre.  In  the  last  stages  of  its  existence,  when  it 
is  pmdocing  the  seeJ,  the  sugar  of  the  sweet  and  mitky  sap  is  gradually 
transformed  into  starch — that  is  to  say,  a  process  exactly  the  converse 
of  the  former  takes  place. 

We  are  able,  in  some  measure,  to  explain  the  mode  and  agency  by 
which  the  former  transformation  is  effected — the  latter,  however,  is  siill 
inexplicable.  We  can  ourselves,  by  the  agency  of  diastase,  transform 
starch  into  sugar ;  and,  therefore,  can  readily  befieve  such  transforma- 
tions to  be  efliected  in  the  young  plant ;— but  we  as  yet  know  no  method 
of  re-converting  sugar  into  starch ;  and,  thereibre,  we  can  only  hazard 
conjectures  as  to  the  way  in  which  this  change  is  brought  about  in  the 
interior  of  ihejilant  during  the  formaiion  of  (he  seed. 

It  is  said  that  nitrogen  is  given  off  by  (he  flower  leaf.  We  know  (hat 
ihiselemejjt  ia  present  in  thecolouiing  matter  of  the  petal,  and  that  it  is  a 
necessary  constituent  of  the  albumen  ant)  gluten,  which  are  always  as- 
sociated with  the  starch  of  the  seed.  It  is  plain,  then,  that  the  niirogene- 
ous  substances  [substances  containing  nitrogen,]  contained  in  the  sap  at 
all  periods  of  the  jilant's  growth,  are  carried  up  in  great  quantity  to  ilie 
flower  and  seed  vessel.  ThesesubstanceaaresMjj^wsciilo  be  concerned  as 
immediate  agents  in  effecting  the  transformations  which  there  (ake  place. 
More  than  this,  however,  we  cannot  as  yet  venture  even  to  conjecture. 


In  these  plants,  again,  which  invest  their  seed  with  a  pulpy  fruit — in 
(he  grape,  the  lemon,  the  apple,  the  plum,  &c. — other  changes  lake 
place,  at  (his  period,  of  a  mole  intelligible  kind,  and  other  substances  are 
formed,  on  the  production  of  which  less  obscurity  rests.  At  one  stage  of 
their  growth,  (hese  fruits,  as  has  been  already  s(a(ed,  are  (asteless — in  (he 
next,  they  are  sour — in  the  (bird,  ihey  are  more  or  less  entirely  sweet. 

I.  In  the  tasteless  state  they  consist  of  little  more  than  the  substance 
of  (he  leaf — of  vascular,  or  woody  fibre,  filled  with  a  tasteless  sap,  and 
tinged  with  the  colouring  matter  of  the  green  parts  of  the  plant.  For  a 
time,  this  young  fruit  appears  to  perform  in  reference  to  the  atmosphere 
the  usual  functions  of  (he  leaf— it  absorbs  carbonic  acid  and  gives  offosy- 
geo,  andthusexfractsfromtheaira  portion  ofthe  food  by  which  its  growth 
is  promoted,  and  its  size  graduajly  increased. 

II.  But  after  a  time  this  fruit  becomes  sour  to  the  taste,  and  its 
aciility  gradually  increases — while  at  the  same  time  it  is  observed  to 
give  oITa  less  comparative  bulk  of  osygen  than  before.  Lei  us  consi- 
der sllortly  the  theory  of  the  productign  of  the  more  abundant  vegetable 
acids  contained  in  fruits. 

1°.  The  tartaric  acid  which  occurs  in  the  grape  is  represented  by 
C^  H2  O5  (p.  124). 
There  are  two  ways  in  which  we  may  suppose  thk«cid  to  te  formed 
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in  ihe  fruit — either  directly  from  the  elements  of  carbonic  acid  and  wa- 
ter witii  the  evolution  of  oxygen  gas — or  from  the  gum  and  sugar  al- 
ready present  in  the  sap  aided  by  the  ahsorptioti  of  oxygen  from  the  at- 
mosphere.    Thus 

A.  4  of  Carbonic  Acid  =:  C,         O, 
2ofWATEa     .     .     =         Hs  Oj 


Sum     .     .     =  0,  H3  0,0  or  C4  H^  O^  +  50. 
That  is,  onecquivalent  of  tartaric  acid  may  bo  formed  from  4  of  carbon- 
ic acid  absorbed  by  (be  leaf  or  fruit,  and  2  of  the  water  of  the  sap,  while 
5of  oitygei]  are  at  the  same  time  given  offby  the  leaf     Or, 
B.  If  Grape  Sugar  be  C,^  H13  0^ 
lofGBAPE  Sugar  =  C4    H3    O^ 
3  of  Oxygen    .     .     =:  O, 

__ Tarrsric  Ackl.        Water, 

Sum    .    .    =  C.    H3    0„    or  C,,  H^  O,  +  HO. 
Thet  is,  bjt  ihe  absorption  from  the  air  of  a  quantity  of  oxygen  equal  to 
that  which  it  already  contains,  grape  sugar  may  be  converted  into  tar- 
taric acid  and  water. 

In  the  sorrels  and  other  soiir-leaved  plants,  whifih  contain  tartaric  acid 
in  their  general  sap,  the  acid  may  be  formed  by  either  iif  tlie  processes 
above  explained.  In  (he  sunshine  iheir  green  parts  absorb  carbonic 
acid  and  evolve  oxygen.  If  any  of  iheae  green  parts  give  off  only  |  of 
the  oxygen  conlaineJ  ia  the  carbonic  acid  ihey  drink  in,  tariaric  acid 
may  b"o  produced  (A.)  In  the  dark  they  absorb  oxygen  and  give  oflf 
carbonic  acid.  If  the  bulk  of  this  latter  gas  which  escapes  be  less  than 
that  of  the  oxygen  which  enters,  a  portion  of  ihe  sugar  or  gum  of  llie 
sap  may,  as  above  explained  (B.),  be  converted  into  tartaric  acid. 

We  have  as  yet  no  experiments  which,  enable  ns  to  say  by  which  of 
these  modes  the  tariaric  acid  ia  really  produced  in  such  plants— or 
whether  it  may  not  occasionally  be  compounded  by  both  methods. 

In  green  fruits  also,  in  the  soui  grape  for  example,  it  may,  in  like 
manner,  be  produced  by  either  method.  The  only  experiments  we  yet 
jiossess.  diose  of  De  Saussure,  Chough  not  sufficient  to  decide  the  point, 
are  in  favour  of  the  former  explanation  (A,)  In  the  estimation  of  this 
philosopher,  the  proportion  of  the  oxygen  of  the  carbonic  acid  which  is 
retained  by  the  fruit,  is  sufficient  to  account  for  the  acidity  it  gradually 

3°.  Malie  and  citric  acids. — These  acids  are  represented  (p.  197)  by 
the  common  formolie  C,  H^  O,.  They  ma.y  be  produced  from  water 
and  carbonic  acid,  if  three-tburths  only  of  the  oxygen  of  the  latter  bo 
given  off.     Thus 

4  of  Caheonic  Acid  =  C4         O, 

2  of  Water      .     .     =        H^  O3 

Sum     .   .   =  C4  Hj  o,„  =  c,  i&a  o,  +  eo. 

That  such  a  retention  of  one-fourth  of  the  oxygen  of  ihe  carbonic  acid 
occasionally  takes  place  in  the  green  fruit,  is  consistent  wiih  ihe  obser- 
vations of  De  Saussure.  The  lime  and  the  lemon  are  fruits  on  which 
the  most  satisfactory  experiments  might  be  made  wiih  the  view  of  R- 
oally  determining  tliis  point. 


III.  This  formation  of  acid  proceeds  Ibr  a  certain  lime,  ihe  fruit  lip- 
coming  sourer  and  sourer  ;  the  acidity  then  begins  to  diminiah,  sugar  is 
forniedi  and  the  fruit  ripens.  The  acid  rarely  disappears  eotifely,  even 
from  the  sweetest  fruita,  until  tliey  begin  lo  decay ;  a  considerable  por- 
tion of  if,  however,  must  be  converten  into  grape  sugar,  as  the  fruit  ap- 
proaches to  maturity.     This  conversion  may  talte  place  in  either  of  two 

1°.  By  the  direct  evolution  of  the  e 
3  ofTARTAnic  Acid  =  C^   H„ 
6  of  Water   .     .     .  =  Ho 


=  G,a'^i,g^O,3  +  i 


Sato.     .     -  =  C,3   Hi,  O3,   =  G,a   H,g   0,3   +   90. 

Or  grape  sugar  may  be  formed  from  3  of  tartaric  aeid  and  6  of  the  water 
oftne  sap,  by  the  evolution,  at  the  same  time,  of  9  of  oxygen.  Citric 
and  malic  acids,  in  the  same  proportion,  would  form  grape  sugar  by  the 
evolution  of  6  of  oxygen  oaly. 

Do  fruits,  when  they  have  reached  their  sourest  state,  begin  thus  to 
give  off  an  excess  of  oxygen?  1  linow  of  no  experiments  which  as  yet 
decide  the  point. 

2°.  By  the  absorption  of  oxygen  and  the  evolution  of  carbonic  acid. 
Thus  in  the  case  of  tartaric  acid, 
1  of  Tartaric  Acid  =  C,  H,  O5 
1  (rf  Oxygen  .    .     .  =  O, 

JilhofGrapa       Carbonic 

Sum .    .    .  =  C,  H,  Oe  =  C3  Hg'O,  -|-  2  00^ 
Where  one  of  oxygen  is  absorbed  and  two  of  carbonic  acid  given  off; 
Or  in  iiie  case  of  the  malic  and  citric  acids, 

1  of  Malic  Acid  =  C,   H^  Oj 

2  of  OxYoKH  .     .  =  Oa 

^[h  ofGrape        Carbonic 

Sum  .     .  =  C,  H,  O3    =  Cj  a°"'0^  +   2*00, 
Where  9  of  oxygen  are  absorbed  and  2  of  carbonic  acid  given  oft. 

We  kuow  from  the  experiments  of  Berard  that,  when  unripe  fruilM 
are  pluclied,  they  do  not  ripen  if  excluded  from  the  access  of  oxygen 
gas — hut  that  in  ihe  air  they  rifen,  absorbing  oxygen  at  the  same  time, 
and  giving  off  oarbooic  acid.  This  second  method  (2°)  therefore  ex- 
hibits the  more  probable  theory  of  the  ripening  of  fruits  afler  tke^  are 
plucked;  and  if— as  they  become  coloured — fruits  imitate  ihe  petals  of 
the  fiowei*  in  absorbing  oxygen  from  (be  air  and  giving  off  carbonic  acid, 
it  will  also  represent  the  cnanges  which  take  place  when  they  are  per- 
mitted to  ripen  on  the  tree. 

During  the  ripening  of  the  fruit,  il  has  been  stated  that  Ihe  woody  of 
cellular  fibre  it  contains  gradually  diminishes,  and  is  converted  iivio  su- 
gar. This  is  familiarly  noticed  in  some  species  of  bard  or  winter  pears. 
In  sour  frtiit,  Ihe  cellular  fibre  seldom  exceeds  2^  |>er  cent,  of  their 
whoie  weight; — in  ripe  frtiits,  however,  it  is  still  less^  and  as  the  con- 
stitution of  thb  substance  is  so  atialogous  to  that  of  grape  sugar,  there  is 
no  difficulty  in  understanding  that,  it  may  be  readily  co^^'erted  into  tho 
latter,  though  the  immediate  agency  by  which  the  transformation  is 
ettecied  is  as  yet  unkaown  to  us.  ,  -  1 
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jS.  Of  the  chemical  changes  which  take  place  after  (he  ripening  of 
the  fruit  and  seed- 
When  the  seed  is  fully  ripe,  [he  functions  of  annual  plants  are  dis- 
eljarged.  They  no  longer  Tei]uire  to  absorb  and  decompose  carbonic 
acid,  for  their  growth  is  at  an  end.  Their  leaves  begin,  therefore,  to 
talis  in  oxygen  only,  become  yellow,  and  prepare  along  with  the  eniire 
plant,  for  being  finally  resolved  again  into  those  more  elementary  sub- 
stances from  ivhifh  they  were  originally  compounded. 

On  trees  and  perennial  plants,  however,  a  further  labour  is  imposed. 
In  ihe  ripened  seed  they  have  deposited  a  supply  of  food  sufficient  to 
sustain  the  germ  that  may  spring  from  it,  until  it  is  able  to  seek  food  for 
ilself;  but  the  young  buds  already  formed, — and  which  are  to  shoot  out 
from  the  stem  and  branches  iti  the  ensuing  spring, — are  in  reality  so 
many  young  plants  for  which  a  store  of  food  has  yel  to  be  laid  up  in  the 
iuner  bart,  and  in  the  wood  of  the  tree  or  shrub  ilself. 

In  thfi  autumn^  the  sap  of  trees  and  permanent  shrubs  continues  to 
flow  rapidly  till  the  leaf  withers  and  falls,  and  the  food  of  ihe  plant  is 
convened  partly  into  woody  fibre,  as  was  the  case  during  the  earlier 
period  of  the  year,  and  partly  into  slarch.  The  former  is  deposited  be- 
neath the  inner  bark  lo  fortn  the  new  layer  of  wood  by  which  the  tree  is 
annually  enlarged;  the  latter — partly  in  the  same  locality,  as  in  the 
birch  and  pine — partly  throughout  the  substance  of  the  wood  ilself,  as  in . 
the  willow — while  in  the  palm  trees  and  cycadese,  it  is  intermingled 
with  the  central  pith.  The  chemical  changes  by  which  the  .food  is  ca- 
pable of  being  converted  into  these  substances  have  already  been  con- 
sidered. They  proceed  during  the  entire  autumn,  do  not  cease  so  long 
as  the  sap  continues  to  move,  and  even  in  the  depth  of  winter  slowly  and 
silently  operate  in  storing  up  farinaceous  matter — in  readiness,  like  the 
slarch  in  the  seed,  to  minister  to  the  nourishment  of  the  young  bud,  when 
the  warmth  of  the  coming  spring  shall  awaken  it  from  its  long  sleep. 

§  6.   Of  the  rapidity  leitk  tvkich  these  changes  take  place,  and  the 
circumstances  hy  which  they  are  promoted. 

But  remarkable  as  those  chemical  changes  are,  the  rapidity  with 
which  they  sometiBies  take  place  is  no  less  surprising. 

From  carbonic  acid  and  water  we  have  seen  that  the  plant,  by  very 
Intelligible  processes,  can  extract  the  elements  of  which  its  most  bulky 
parts  consist — and  can  build  them  upiniuany  varied  ways,  most  of  which 
are  probably  beyond  the  reach  of  imitation.  But  who  can  understand  or 
explain  the  extraordinary  activity  which  pervades  the  eniire  vascular 
system  of  the  plant,  when  circumstances  are  favourable  to  its  growth? 

A  stalk  of  wheat  has  been  observed  to  shoot  up  three  inches  in  as 
many  days,  of  barley  six  inches  in  the  same  lime,  and  a  vine  twig 
almost  two  feet,  or  eight  inches  a  day  (Du  Hamel).  Cucumbers  have 
been  known  to  acijuire  a  length  of  twenty-four  inches  in  six  days,  and 
in  the  Botanic  Garden  at  Brussels  I  was  shown  a  bamboo  five  inches  in 
diameter,  which  had  increased  in  height  nine  feet  in  twenty-seven  days; 
sometimes  making  a  progi^ess  of  six  to  eight  inches  in  a  day.  In  our 
climate  we  meet  with  few  illustrations  of  the  rapidity  with  which  plants 
are  capable  of  springing  up  in  the  most  favourable  circumstances,  and 
the  above  examples  probably  give  us  only  an  imperfect  idea  of  the  ve- 
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locity  with  which  the  bamboo,  the  palm,  the  tree  fern,  and  other  vasou- 
lar  placla,  may  grow  in  their  native  soil  and  climate.  And  with  what 
numerous  aod  complicated  chemical  changes  is  the  production  of  every 
grain  of  the  substance  of  these  plants  attended — how  rapidly  must  the 
food  be  selected  and  absorbed  from  the  air  and  from  the  soil — how 
quickly  transformed  and  assimilated  ! 

The  long  period  of  time  during  which,  year  after  year,  these  changes 
may  proceed  in  the  same  living  vessels,  or  in  the  same  tree,  is  no  less 
wonderful.  Oaks  have  lived  to  an  age  of  1500  or  2000  years — yew 
trees  to  3000  years — and  other  species  are  mentioned  as  having  flour- 
ished from  4500  to  6000  years ;  while  even  a  living  rose  tree  (rosa 
canina)  is  quoted  by  Sprengel  as  being  already  upwards  of  1000  years 
old. — [Sprengel,  Lehre  vom  Dunger,  p.  76.] 

The  rapidity  of  the  growth  of  a  plant,  and  the  length  of  its  life,  are 
equally  affeeied  by  circumstances.  On  a  knowledge  of  these  circum- 
stances, and  of  tbe  means  of  coatiulling  or  of  producing  them,  the  en- 
lightened  practice  of  agriculture  is  almost  entirely  depeqdent. 

Over  ihe  Tialural  conditions  on  which  vegetation  in  general  depends, 
we  can  exercise  little  control.  By  hedge-rows  and  plantations  we  can 
shelter  exposed  lands,  but,  except  in  our  conservatories  and  hot-houses, 
the  plants  we  can  expect  to  cultivate  with  profit  will  always  be  deter- 
mined by  the  general  climate  in  which  we  live.  So  tbe  distribution  of 
rain  and  sunshine  are  beyond  our  control,  and  (hough  it  is  ascertained 
that  a  thundery  condition  of  the  atmosphere  is  remarkably  favourable  to 
vegetable  growth,  [Sprengel,  Lekre  vom  Diinger,  p.  73],  we  cannot 
hope  that  such  a  state  of  the  air  will  ever  be  induceil  at  the  pleasure  or 
by  the  agency  of  man.  But  utider  the  same  natural  conditions  of  cli- 
mate, there  are  many  artificial  methods  by  the  use  of  which  it  is  within 
our  power  to  accelerate  tbe  growth,  and  to  increase  the  produce,  of  the 
most  valuable  objects  of  ordinary  culture. 

Thus  the  germination  of  jseeds  in  general  is  hastened  by  watering  with 
aaolution  of  chlorine  (Davy),  or  of  iodine  or  bromine  (Blengini),  and 
Davy  found  that  radish  seed  which  germinated  in  two  days  when  wa- 
ercd  with  solutions  of^ihlorine  or  sulphate  of  iron,  required  three  when 
watered  with  very  dilute  nitric  acid,  and  five  with  a  weak  solution  of 
suiphuric  acid. 

It  is  lamiliarly  known  also  in  ordinary  husbandry,  that  the  applica- 
lioQ  of  manures  hastens  in  a  similar  degree  the  development  of  ail  tbe 
parts  of  plants  dining  every  period  of  their  growth — and  largely  increases 
(he  return  of  seed  obtained  from  the  cultivated  grains.  Ammonia  and 
Its  compounds  likewise,  and  nitric  acid  and  its  compounds,  with  many 
other  saline  substances  existing  in  the  mineral  kingdom  and  nccurringin 
soils,  or  which-  aie  produced  largely  in  our  manufactories,  have  been 
round  to  produce  similar  effects. 

It  would  be  out  of  place  here  to  enter  upon  ihein-.noriant  aod  interest- 
ing lield  o])ened  up  to  us  by  a  consideration  of  the  influence  e:iercised 
by  these  and  other  substances,  in  modifying bothin  kind  and  in  degree  the 
chemical  changes  which  lake  place  in  Eving  vegetables.  The  true  mode 
of  action  of  such  substances — their  precise  effects — the  circumstances 
under  which  these  effects  are  most  certainly  jiroduced — and  the  theoreti- 
cal views  on  which  they  can  be  best  accounted  for — will  form  a  subject  of 
special  and  detailed  examination  in  the  third  part  |jf  the  pfe^^^f^^ji^res. 


LECTURE  VIII. 


Ha  VINO  shown  in  the  preceding  Lecture  in  what  way,  and  by  what 
cliemieal  changes,  the  sul)Stance3  of  which  plania  chiefly  consist  may 
lie  produced  from  those  on  which  ihey  live, — there  remains  only  one 
furiher  subject  of  inquiry  in  connection  with  ihe  organic  constltuenis  of 
placla. 

Plants,  as  we  have  already  seen,  derive  much  of  ilieir  sustenance  from 
tlie  carbonic  aei<]  of  the  atmosphere  ;  yet  of  ihbgas  ihe  air  contains  only 
a  vecy  small  fraction,  and  in  so  far  as  experitnents  have  yet  gone,  (his 
Iraciional  ([uaiiiity  does  not  appear  to  diminish — how,  Iheo,  is  the  sup- 
ply of  carbonic  acid  Isepl  up  ? 

Again,  plants  most  probalDly  obtain  much  of  Iheit  nitrogen  either  from 
ammonia  or  from  nitric  acid  ;  and  yet,  neillier  in  the  soil  nor  in  the  air 
do  these  compounds  permanently  east  in  any  notable  quantity, — whence 
then  is  the  supply  of  these  substances  brougfilwithin  (he  reach  of  plants? 

The  impottaoce  of  these  two  questions  will  appear  more  distinctly,  if 
■we  endeavour  lo  estimate  bow  much  of  iheir  carbon  plants  really  draw 
from  the  atmosphere — and  bow  much  of  ihe  nitrogen  they  contain  must 
be  derived  from  sources  not  hitherto  pointed  out. 

^  I.   Of  the  proportion  of  their  carbon  which  plants  derive  Jrom  the 
airaospkere. 

On  this  subject  it  is  perhaps  iinpossible  lo  obtain  perfectly  accurate 
results.  Several  series  of  experiments,  however,  have  been  published, 
which  enable  us  to  arrive  at  very  useful  approsimations  in  regard  to  ihe 
proportion  of  their  carbon  which  plants,  growing  in  a  soil  of  ordinary 
fertility,  and  in  such  a  climate  as  that  of  Great  Britain,  actually  extract 
from  the  air  by  which  they  are  surrounded. 

1".  In  an  experiment  made  in  1334,  upon  common  borage  {Borago 
officinalis),  Lampadius  Coand  that  after  a  growth  of  five  months  (from 
the  3rd  of  April  to  the  6ih  of  September)  this  plant  produced  ten  times 
as  much  vegetable  matter  as  the  soil  in  which  it  grew  had  lost  during 
the  same  penod  '  In  other  words,  it  had  drawn  nine-tenths  of  its  car- 
bon from  the  air 

2".  The  expcruneats  of  Boui^iiugaull  were  made,  if  not  with  more 
care,  at  least  upon  a  greater  number  of  plants,  and  wore  protracted 
through  d  much  bnger  penod  It  is  neceosary  that  we  should  under- 
stand the  prmeiplc  on  which  they  ^lere  conducted,  in  order  that  we 
may  be  prepared  to  place  confidence  in  the  determinations  at  which  he 
arrived 
-  The  above  experiment  may  have  been  correellj  inadE,  but  the  resuU  appears  at  first 
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H6  ritOPORTIOS    op    CARBON    DRAWN    FROM   THE   AIR. 

If  we  were  lo  eKatnine  the  soil  of  a  field  on  which  we  are  about  (o 
raise  a  crop  of  corn — and  should  find  it  to  coniaio  a  certain  per-ceotage, 
say  10  per  cent,  of  vegetable  matter  (or  5  per  cent,  of  carbon) ; — and 
after  the  crop  is  raised  and  reaped  sliould,  on  a  second  examination, 
find  It  to  contain  exactly  the  same  quantity  of  carbon  as  before,  we 
could  not  resist  ihe  conviotion,  thai,  with  the  exception  of  what  was 
originally  in  the  seed,  the  plant  during  its  growth  had  drawn  from  the 
aif  all  the  carbon  it  contained.  The  soil  having  lost  none,  the  air  must 
have  yielded  Ste  whole  supply. 

Or  if  after  examining  the  soil  of  our  field  we  mix  with  it  a  supply  of 
farm-yard  manure,  containing  a  known  weight,  say  one  ton  of  carbon, 
and  when  Ihe  crop  is  reaped  find  as  before  that  the  per-cen(age  of  vege- 
table matter  in  the  soil  has  suff  d 
concluding  that  the  crop  can  no  h 

soil  any  greater  weight  of  its  c    b 
nure  which  had  been  added  to 

Such  was  the  principle  on  h  I  1 
conducted.  He  determined  ih  i  -c 
the  experiment  was  begun — th  gh      dd  d       the  form  of  manure — 

the  quantity  contained  in  the  series  of  crops  raised  during  an  entire  rota- 
tion or  course  of  cropping,  until  in  the  mode  of  culture  adopted  it  was 
usual  to  add  manure-  again — and  lastly,  the  proportion  of  carbon  re- 
maining in  the  soil.  By  this  method  he  obtained  the  following  results 
in  pounds  per  English  acre,  in  three  different  courses  of  cropping,  and 


The  first  was  a  5  years' 
course — of  potatoes  or 
red  beet  wim  manure, 
wheal,  clover,  wheat, 
oats;  ihe  second  and 
most  productive  rota- 
lion  was  abandoned  on 
account  of  the  cliinale; 
the  third  was  a  3  years' 

The  result  of  the  first  course  indicates  thai — the  land  remainiug  in 
equal  condition  at  the  end  of  the  lour  years  as  it  was  at  the  beginning — 
the  crops  collected  during  these  years  contained  three  times  the  jjuanlin' 
of  carbon  present  in  the  manure,  and  therefore  iheplants,  during  then 
grorotk,  muet  on  the  whole  havederived  two-thirds  of  their  carbon  fiom 
the  air. 

n  that  even  when  the  soil  is 
nlinually 
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siderable  portion  of  the  carbon  of  the  manure  and  of  the  soil  would 
naturally  diBappear  during  the  (bur  years'  cropping  above-mentioned, 
and  that,  therefore,  the  proportion  of  carbon  derived  from  the  air  in 
Bousaingaull's  experiments,  must  have  been  really  considerably  greater 
tban  is  indicated  by  the  numerical  results. 

Let  two-thirds  of  the  entire  quantity  of  carbon  contained  in  a  series  of 
crop  be  taken  as  the  average  proportion,  [Lecture  II.,  p-  31,]  which,  on 
collivatet!  land  in  our  climate,  must  be  derived  from  the  air  in  Ibe  form 
of  carbonic  acid — and  let  the  average  weight  of  the  dry  crop  reaped  be 
estimated  at  a  ton  and  a  half  per  acre.  Then,  if  the  crop  contain  half 
its  weight  of  carbon,*  the  plants  grown  on  each  acre  must  annually  ex- 
tract from  the  air  10  cwt.  or  1120  lbs.  of  carbon  in  the  form  of  carbonic  acid. 

§3.  Of  ike  relation  which  the  qvantit^  of  carbon  extracted  by  plants  fiom 
me  air,  bears  lo  the  whole  quanhiy  amtained  in  the  atmosphere. 
But  (he  question  will  here  at  once  suggest  itself  to  ynu — does  not  the 
quantity  thus  extractod  from  the  air  really  form  a  very  large  proporiioo 
of  the  whole  weight  of  carbon  which  is  contained  in  the  atmosphere  ?  A 
simple  calculation  will  give  <is  clear  ideas  in  regard  lo  this  imeresting 

We  have  already  seen  that,  by  the  results  of  De  Sausaurc,  the  aver- 
age quantity  <rf  carbonic  acid  in  the  atmosphere  of  out  globe  may  be 
estimated  at  j^^  part  of  its  entire  bulk.  This  is  equal  very  nearly 
to  ji^  of  its  weight.f  Or  taking  the  whole  weight  of  the  atmosphere 
at  15  lbs.  on  the  square  inch — that  of  the  carbonic  acid  will  be  0-009  lbs. 
or  63  grs.  per  square  Inch.  But  as  carbonic  acid  contains  only  a7J  pet 
cent,  of  its  weight  of  carbon,  thg  weight  of  ifeis  element  which  presses 
on  each  square  inchof  (heearth's  surface  isonly  17|  (17'39)  gts.     Upon 

Bui  if  the  crop  on  each  acre  of  cultivated  land  annually  extracts  from 
the  air  half  a  Ion  of  carbon,  the  whole  of  the  carbonic  acid  in  the  atmos- 
phere would  sustain  such  a  vegetation  over  the  entire  globe  for  14  years 
only.  And  if  we  even  suppose  such  a  vegetation  to  extend  over  one 
hundredlh  part  of  the  earth's  surface  only,  it  still  appears  sufficient  to 
exhaust  the  carbonic  acid  of  the  air  in  1400  years. 

■  BogaalnB8n!lataltw,lhatofatlllieplan(auauatlycumTalfiirorfood— sofaraBhiBeiiwrt. 

Ihe  idr—oT  yielde  He  gtvaltel  tceigil  of  food  from  lliEetnallesI  uei/ihlqf  nwtmi-e.  Iilairm 
generallj"  iudocd  Ibst  ill  those  pianu,  which,  like  Iha  Jeftsaleni  anluhoko  and  ihe  while 
carmt,grow  free! J  on  aindy  soOb  (floleinli^  llltis  vegerable  mallet  and  wilh  liie  addlttas 
of  lilile  laHnnre,  eilnct  (hs  greataal  propotlltHi  of  their  GUGIenancs  from  Ihe  air.    Buih 

and  a  ecvci^  oiiBumiaalBmuaiieoDS^  prflraH. 
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146  HOW    THE   SUPPIT    or    CARBONIC    ACID    IB    RENEWED. 

A  very  short  period,  compareil  even  wiih  the  limits  of  autlientic  his- 
tory, has  yel  elapsed  since  experiments  began  lo  be  made  on  the  true 
conatitolioii  of  the  atmosphere ;  we  have  no  very  trustworthy  data, 
therefore,  on  which  lo  found  a  confident  opinion  in  regard  lo  the  perma- 
nence of  the  proportion  of  carbonic  acid  which  it  now  coniains.  The 
later  observations  of  De  Sauasure  do  give  a  considerably  lower  estiniRte 
of  the  quantity  of  this  acid  in  the  air  than  that  which  was  deduced  from 
the  results  of  the  earlier  experijii enters ;  but  the  imperfection  of  the 
modes  of  analysis  formerly  adopted  was  loo  great,  to  justify  us  in  rea- 
soning rigorously  from  the  inferences  to  which  they  led.  We  cannot 
safely  conclude  from  ihem  that  the  pmpomon  of  carhon  in  the  atmos-. 
phere  has  really  diminished  .10  any  sensible  extent  during  this  limited 
period ;  while  the  recorded  identity  of  all  ihe  phenomena  of  vegetation 
renders  it  probable  ihat  the  propociion  has  not  sensibly  diminished  even 
wilhin  historic  times. 

From  what  sources,  ihen,  is  the  supply  of  carbonic  acid  in  the  atmos- 
phere kept  up? — and  if  the  proportion  be  permanent,  by  what  com  pen- 
saling  processes  is  the  quanlity  which  is  restored  to  ihe  atmosphere 
produced  and  regulated? 

§  3.  jSibw  the  supply  ofearhtmic  add  in.  Vie  atmosphere  is  renewed 
and  regulated. 

On  comparing,  in  a  previous  lecture,  the  quantity  of  rain  which  falls 
with  that  of  the  watery  vapour  actually  present  in  the  air,  we  saw  rea- 
son to  believe  ihat  even  in  a  single  year  ihe  same  portion  of  water  may 
fall  in  rain  or  dew  and  ascend  ogam  in  watery  vapour  several  succes- 
sive times.  Is  ii  so  also  wiih  the  carbon  in  the  air  i  Does  that  which 
feeds  the  growing  plant  lo-day,  again  mount  up  in  the  form  of  carbonic 
acid  al  some  fuiure  time,  ready  to  minister  lo  the  sustenance  of  new 
races,  and  to  run  again  the  sarne  round  of  ever-varying  change?  SucJi 
is,  indeed,  the  general  history  of  the  agency  of  the  carbonic  acid  of  the 
atmosphere ;  but  when  once  ii  has  been  fixed  in  the  plant  it  must  pass 
through  many  successive  changes  before  i(  ia  again  set  free.  The  con- 
dirions,  also,  under  which  it  is  restored  lo  the  atmosphere  are  so  diver- 
sified, and  the  agencies  by  which,  in  each  case,  it  ia  liberated,  are  so 
veiy  distinct,  as  to  require  that  the  several  modes  by  which  the  carbon 
of  plants  is  reconverted  into  earliotiic  acid  and  returned  to  the  air,  should 
be  made  topics  of  separate  consideration. 


The  air  we  breathe  when  it  is  drawn  into  the  lungs,  contains  j^tb 
of  its  bulk  of  carbonic  acid ;  when  it  returns  again  Jrom  rhe  lungs,  the 
bulk  of  this  gas  amounts,  on  an  average,'  to  -j^th  of  ihe  whole;  or  ite 
qaanUly  is  increased  one  hundred  times. 

The  actual  bulk  of  the  carbonic  acid  emitted  from  Ihe  lungs  of  a  sin- 
gle individual  in  24  hours  varies  exceediilgly  ;  it  has  been  eslimaled- 
however,  on  an  average,  lo  contain  upwards  of  6ve  ounces  of  carbon. f 


i\%.Amuii.derjhim.eldePhys.,tMTd!iais3,I.,p.i&S. 
a,  and  FepVB.  Estimslod  the  weight  of  caiboa  eiolved  Id 
mlit/  «hiou  al!  urilera  htve  concurred  iu  receiving  wLih 
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A  full  grown  man,  therefore,  gives  off  from  his  lungs,  in  the  course  of  a 
year,  upwards  of  100  lbs.  of  carbon  in  the  form  of  carbonic  acid. 

If  the  (luanlily  of  carbou  thus  evolved  front  Ihe  lungs  be  in  propflrtion 
to  the  weight  of  the  animal,  a  cow  or  a  horse  ought  to  give  off  six  times 
as  much  as  a  man.*  From  indirect  experiments,  however,  Boussin- 
gault  estimated  the  quantity  of  carbon  actually  lost  in  this  way  by  a  eow 
at  2200  grammes  in  24  hours,  and  by  a  horse  at  2400  grammes.— [^nn. 
de  Ckim.  etde  Pkys.,lx^i;  pp.127  and  136,]  These  quantities  are  equal 
U>  6  or  7  times  the  amount  of  carbon  given  off  from  the  lunga  of  a  man. 

If  we  suppose  each  inhabitant  of  Great  Britain,  young  and  old,  to  ex- 
pire only  80  lbs.  of  carbon  in  a  year,  (he  twenty  millions  would  emit 
seven  hundred  thousand  tons;  and,  allowing  the  cattle,  sheep,  and  all 
other  animals,  to  give  off  twice  as  much  more,  the  whole  weight  of 
carbon  returned  to  the  ait  by  respiralion  in  ibis  island  would  be  about 
two  millions  of  tons,  or  the  quantity  abstracted  from  the  atmosphere  by 
four  millions  of  acres  of  cultivated  land. 

Whence  is  all  Ihia  carbon  derived  ?  It  is  a  portion  of  that  which  has 
been  conveyed  into  the  stomach  in  the  form  of  food.  Suppose  the  car- 
bon contained  in  (he  daily  food  of  a  full  grown  man  to  amount  (o  one 
pound — which  is  a  large  allowance — then  it  appears  that,  by  the  ordi- 
nary processes  of  respiration,  at  least  one-third  of  Ike  carbmt  of  kie  food 
is  lady  relumed  into  the  air. 

'in  other  animals  the  proportion  returned  may  be  diflerent  from  what 
it  is  in  man,  yet  the  life  of,all  depends  on  the  emission  (o  a  certain  ex- 
tent of  the  same  gas.f  And  since  all  are  sustained  by  Ihe  produce  of 
the  soil,  it  is  obvious  that  the  process  of  animal  resptration  ia  one  of 
ihose  methods  by  which  it  has  been  provided  that  a  large  portion  of  the 
vegetable  productions  of  ihe  globe  should  be  almost  immediately  re- 
solved into  the  simpler  forms  of  matter  from  which  it  was  originally 
compounded,  and  again  sent  up  into  the  air  to  minister  to  the  wants  of 


Another  important  source  of  carbonic  acid  is  famiJiar  (o  us  in  the  re 
sulis  of  artlQcial  combusiion. 

In  the  previous  lecture  I  have  shown  how,  by  (he  action  of  the  sun's 
rays  upon  the  leaf,  the  carbonic  acid  absorbed  from  the  atmosphere  ia 
deprived  of  its  oxygen,  and  its  carbon  afterwards  united  to  ihe  elements 
of  water  for  the  production  of  woody  fibre.  During  the  process  of  com- 
bustion, tills  labour  of  the  living  leaf  is  undone— the  carbon  is  made  to 
coinbine  anew  with  rhe  oxygen  of  the  aimosphere,  and  llie  vegelable 
matter  is  resolved  again  into  carbonic  acid  and  wa(er. 

Thus,  when  wood  (woody  fibre)  is  burned  in  the  air,  osygen  disap- 
pears, and  carbonic  acid  and  watery  vapour  are  alone  produced.  The 
theory  of  this  change  is  simple. 

■Eat 
Bpteng. 

^bon.  If  on&tiiininniiis  wmb  intn  off  from  Ih?  iiinga,  Ihe  qiianllTj  of  carbon  (3J  lis.) 
evglvad  nroulri  be  tea  limes  greyer  lion  wbb  indicated  by  Ihe  experimeiics  of  Bei^t^ulL, 
uid  nearij  double  ofwhst  the  weighl  of  B  eow,  conipafei!  with  [iijuof  atiian,.reqfci|.\Qn  Lj 

7*  "'■■  ■■  cS 


150 

It  will  be  recollected  (p.  135)  that  in  forming  an  equivalent  of  woody 
fibre  or  of  sugar,  24  of  oxjgeu  were  given  off,  chiefly  by  the  leaf— so  in 
agaifi  resolving  these  substances  into  carbonic  acid  and  water,  24  of  oxy 
geo  are  absorbed.     Thus — 

1  ofWoODY  FlBRE  =  C,s   Hj      Oj 

24  of  Oxygen       .    ^=  O54 

12  of  8  of 

Sum.     .     .     =C,aH8    03j='l2cba  + 8H0.' 

Or,  1  of  Cake  Sugar     =C,a  H,,  O,o 
24ofOxYaBN   .     .     =  Oa, 

12  of  10  of 

Carbonic  Acid.      Water. 
Sum.     .     .     =C,s  H,„  Oa,  =12C03-t-10HO. 

The  same  law  holds  in  regard  to  all  other  vegetable  substances.  They 
are  resolved  into  carbonic  acid  and  water,  in  proportions  which  neces- 
sarily vary  with  the  chemical  consiilulion  of  each. 

It  applies  also  to  al!  bodies  of  vegetable  origin,  among  which  nearly 
all  combustible  minerals  maybe  reckoned.  The  peat  and  coal  we  burn 
in  our  houses  and  manofaclories,  when  supplied  with  a  sufficiency  of 
atmospheric  air,  are  resolved  during  combustion  into  carbonic  acid  and 
watery  vapour. 

Some  vegetable  substances  contain,  a  small  quantity  of  nitrogen. 
liVben  these  are  burned,  this  nitrogen  escapes  into  the  atmosphere, — 
generally  in  an  un combined  state, — and  mingles  with  the  air.  So  in 
animal  subslancei^,  nearly  all  of  which  contain  nitrogen  as  an  essential 
constiiueni.  During  perfect  combustion  the  whole  of  the  carbon  is  dis- 
sipated in  the  form  of  carbonic  acid,  while  the  nitrogen  rises  along  witli 
it  in  an  elementary  slate- 

The  result  of  this  uniform  sut^eclion  of  a.11  combuslihle  matter  to  llie 
operation  of  (his  one  law,  is  the  constant  production  on  the  surface  of 
the  glohe  of  a  vastquantity  of  carbonic  acid  ; — the  re-conversion  of  large 
masses  of  organic  matter  into  the  more  elementary  compounds  from 
which  it  was  originally  formed. 

How  interesting  il  i.s  10  contemplate  the  relations,  at  once  wise  and 
beautiful,  by  which  through  the  operation  of  bucIi  laws,  dead  organic 
matter,  intelligent  man,  and  living  plants,  are  all  boand  together !  The 
dead  tree  and  the  fossile  coal  lie  almost  useless  things  in  reference  to 
animal  and  vegetable  life, — man  employs  them  in  a  thousand  ways  as 
ministers  to  his  wants,  hia  comforts,  or  his  dominion  over  nature — and 
in  so  doing,  himself  directly  though  unconsciously  miLiisters  to  the  Wants 
of  those  vegetable  races,  which  seem  but  10  live  and  grow  for  his  use  and 


It  is  impossible  to  say  what  proportion  of  the  carbon  absorbed  during 
the  general  veeeiaiion  of  the  globe,  is  thus  annually  restored  to  the  at- 
mosphere by  the  burning  of  vegetable  matter.  Thai  it  roust  be  very 
great,  will  appear  from  the  single  fact,  that  by  far  the  greater  part  of  the 
globe  is  dependent  fur  its  supply  of  fuel  on  the  annual  produce  of  its 
forests; — while  even  in  those  more  favoured  countries  where  mineral 
coal  abounds,  the  quantity  of  wood  consumed  by  burning  falls  but  little 
short  of  the  entire  yearly  growth  of  the  land. 
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lon  with  iliia  subject,  I  must  <]raw  your  attentbn  to  one  in- 
well  as  important,  fact.  I  have  ispoken  of  coal  as  a  sub- 
e  of  vageiable  origin,  and  there  is  no  doubt  that  all  the  carbon  it 
liiis  once  floated  in  ihe  air  in  the  form  of  cftrb<>nic  aciil.  But  the 
period  when  it  was  ^  mixed  with  thp  atmosphere  is  remote  almost  be- 
yond conceplioti.  When,  therefore,  we  raise  coal  -from  its  ancient  bed 
and  burn  it  on  the  earth's  surface,  vk  add  to  ike  carbon  of  the  air  a  for- 
tion  vMch  has  not  prewMsly  existed  in  the  atmosphere  of  owr  dme. 

The  coal  consumed  in  Great  Britain  alone  la  estimated  at  20  mtliions 
of  tons,  containing  on  an  average  at  least  TO  per  ceal.,  or  14  millions  of 
tons  of  carbon.  But  if  the  annual  produce  of  an  acre  of  cultivated  land 
contain  half  a  ton  (p,  147)  of  carbon  derived  fram  the  air,  the  coal  con- 
sumed in  this  country  would  supply  carbonic  acid  to  the  crops  gmwn 
upon  28  millions  of  acres.  Or,  since  in  Great  Britain  about  34  millions 
of  acres  are  in  cultivation  (p'.  12),  Ihe  eoal  weamaiially  cotisufne  produce* 
a  qaantily  ofcarbimic  add  which  is  alone  sufficient  to  supply  food  to  ihe 
crops  thai  grow  upon  seoeit- eighths  of  the  arable  land  of  me  country. 


Over  large  tracts  of  country  in  every  part  of  the  globe,  tlie  vegetable 
productions  of  the  soil  are  never  cropped  or  gathered,  but  either  aeciinnu- 
iale — as  occasionally  in  nur  peat  bogs;  or  decay  and  gradually  disappear 
— asintlie  jungles  of  India  or  in  the  tropical  forests  of  Africa  and  South- 
ern America. 

The^nai  results  of  this  decay  are  the  same  as  those  which  attend 
upon  ordinary  combustion,  but  the  conditions  under  which  it  takes  place 
being  different,  the  immediate  results  are  to  a  certain  exieBt  diflerent 
alM). 

When  a  vegetable  substance  is  burned  in  the  air,  the  oxygenof  the  at- 
mosphere is  the  only  material  agent  in  eflecling  the  decora  position. 
The  carbon  of  the  burning  body  unites  directly  with  this  oxygen  and 
forms  carbonic  acid. 

In  the  natural  process  of  decay,  however,  at  the  ordinary  temperature 
of  the  alJiiosphere,  vegetable  matter  is  exposed  to  iho  action  of  both  air 
and  water;,  these  both  co-operate  in  inducing  and  carrying  on  the  decom- 
position, and  hence  carbonic  acid  is  not,  as  in  the  case  of  combustion,  the 
chief  or  immediate  result. 

A  detail  of  all  the  steps  through  which  vegetable  matter  is  known  to 
pass  before  it  is  finally  resolved  into  carbonic  acid  and  water,  would  be 
ditfieuli  for  you  to  understand,  and  is  here  unnecessary.  A  general 
view  of  the  way  in  which  by  the  united  ageiicy  of  air  and  water,  the 
decay  of  organic  substances  is  effected  and  promoted,  may  be  made 
very  intelligible,  and  will  sufficiently  illustrate  the  subject  for  our  pre- 
Bcnt  purpose. 

In  combustion,  as  we  have  seen,  the  uMe  of  the  vegetable  substance 
is  resolved  directly  into  carbonic  acid  and  water,  at  the  expense  of  the 
oxygen  of  the  atmosphere.  In  natural  decay  a  small  and  variable  por- 
tion only  is  so  changed,  but  lo  the  extent  to  which  this  change  does  take 
place  carbonic  acid  is  directly  formed  and  sent  up  into  the  air.  Suppose 
Quph  a  change^ — a  slow  coit  'astiou  in  reality — to  lake  plac  ■  '-'■* 


..G 


OOQ\ 


estfinf,  and  let  U3  consider  whal  becomes  of  ibe  remainder  of  l.he  vegela 


6  <>i  Cakbonic  Acic      .     . 

o  6  of  Light  CAREnaETTEo  ? 

Htdrogen  (CHj)      i 


wehavethesum  .  .  =  C.g  H13  Oia;  or,  ona  of 
grape  sugar; — that  is,  one  of  grape  sugar  may  be  formed  oot  of  the  ele- 
inents  of  6  of  carbooic  acid,  and  6  of  light  carburelted  hydrogen.  Or, 
conversely,  grape  sugar  being  already  produced,  it  may  be  resolved  or 
decomposed  ioto  these  two  compounds  in  the  same  proporlions,  without 
the  aid  of  the  oKvgen  of  the  atmosphere. 
20.  So  if  to 


.  we  have,  as  before,  C,a  H,,  O,,  =  6 COa  +  G  CH3 ; 
Or  by  the  aid  of  itie  elements  of  4  atoms  of  water,  woody  fibre  may  be 
resolved   inio  6  of  carbooie  acid   and   as   many   of  light   carburelted 
hydrogen. 

3".  Again,  in  ihe  case  of  a  vegetable  acid,  if  la 

1  of  Tartaric  Accd  =  C,  H^  0-^ 
■we  bM  \  of  OxYSEK     .     .    =  Oi 

earbonlo    Lighl  Barba- 

Acid,  relied  Hydrosen 
we  have  C,  H3  O^,  =  3  CO3  +  CH,  ; 
Thalis,  by  the  aid  of  oneof  oKygenfrom  ihe  air,  one  of  tartaric  acid 
xnay  be  resolved  into  3  of  carbonic  acid,  and  I  of  light  carburelted 
liydrogen.  It  is  easy  to  see  liow  any  other  d' the  more  common  vegeta- 
ble proiiuclioQS  may^-eilher  at  the  espensa  of  ila  own  elements,  as  in 
grape  sugar— or  by  the  aid  of  those  of  water,  as  in  woodv  fibre — or  of 
the  oxygen  of  the  atmosphere,  as  in  tartaric  acid — be  resolved  into  car- 
bonic acid  and  light  carburetled  hydrogen,  ift  certain  proportions. 

Now,  such  a  resolution  does  really  .take  place  to  a  considerable  extent 
in  nature,  during  the  decay  of  organic  aulwlanees  in  moist  situations. 
Henee  tte  evolution  of  light  curbucetted  hydrogen  from  dead  vegetable 
matter  in  marshy  places  and  stagnant  pools — hence  the  production  of 
the  same  gas  in  compost  Iieaps,  and  especially  in  rich  and  heated  farm- 
yard manure — and  hence  also  its  occurrence  in  such  vast  quantities  ia 
many  of  our  coal  mines. 

You  will  now  be  able  to  appreciate  one  of  the  reasons  why  this  lighc 
eatburetled  hydrogen  has  been  supposed  by  some  physiologists  (p.  50) 
to  contribute  as  food  to  the  ordinary  nourishment  of  plants.  It  is  pro- 
duced in  nature  in  many  and  varied  situations,  Snd  it  has  been  IbuniJ 
by  experiment  to  exercise  a  viable  influence  upon  the  growth  of  plants  j 
— being  so  produced  where  yonng  "plants  graw,  is  it  never  inihibed  by 
ihetn  l — being  possessed  of  this  inSnence,  is  it  entrusted  with  no  control 
over  the  general  vegetation  of  the  globe  1 

However  this  may  be,  by  far  the  greatest  portion  of  both  ihese  gases 
escapes  into' the  air; — the  carbonic  acid  to  fulfil  those  purposes  which 
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have  already  l)eon  considered, — llie  light  carburetled  Ijydrogen  lo  under- 
go a  further  change,  hy  whicli  it  also  is  resolved  into  carbonic  acid  and 
water.     T litis,  if  to 


Wo  have  CH,  O^  or  00^  +  2HO 
Or  one  of  tliis  gas  with  4  of  oxygeH  may  be  changed  into  1  of  caxboiiic 
acid  and  3  of  water. 

Now,  wlien  this  gas  escapes  into  the  air  it  becomes  diffused  through  a 
large  excess  of  oxygen,  and  is  ihus  ready,  at  any  instant,  lo  be  decom- 
posed. Through  the  atmosphere  streams  of  eSectricily  are  continually 
flowing,  and  every  wandering  spark  that  passes  athwart  a  portion  of 
tliis  miwure  decomposes  so  much  of  (he  light  ^as,  and  produces  in  its 
stead  the  equivalent  proportions  of  carbonic  acid  and  watery  vapour. 
Thus  it  happens  thai  of  the  vast  <]i(aniify  of  this  and  other  combustible 
gases  which  are  continuaily  escaping  into  the  air,  so  few  traces  aie  dis- 
cernible even  by  the  aid  of  the  most  refined  processes  of  art.  By  a  wise 
provision  of  nature  such  substances  as  are  void  of  use  to  either  animals 
or  plants,  if  not  speedily  removed  from  the  air  altogether,  are  there  con- 
vened into  such  new  forms  of  matter  as  are  fitted  lo  minister  to  the  ne- 
cessities of  living  beings. 

Though  (heretbre  in  the  natural  decay  of  vegetable  matter  in  the  pre- 
sence of  air  and  moisture,  a  certain  portion  of  its  carbon  escapes  into  ibe 
air  in  the  form  of  light  carbutetted  hydrogen,  this  compound  is  but  a 
step  towards  the  final  change  into  carbonic  acid  and  Water.  In  the  soil 
the  vegetable  matter  is  continually  undergoing  decay,  various  sub- 
stances are  produced  in  greater  or  less  quantity,  some  solid,  some  liquid, 
and  some  gaseous  like  ihe  light  gas  of  which  we  have  been  speaking, — 
but  all  of  (hem,  like  this  gas,  are  only  hastening — some  by  one  road,  so 
to  speak,  and  some  by  another — lowards  that  final  destination  which 
sooner  or  later  they  are  all  fated  to  reach;  when  in  the  form  of  carbonic 
acid  and  water  they  shall  be  in  a  condition  .to  minister  again  loihe  nour- 
ishment of  all  plants. 

While  in  the  soil  some  part  of  this  vegetable  matter  assumes  forms 
which,  are  capable  of  entering  again  into  the  roots  of  living  plants,  and, 
witliout  further  resolution  in  the  air,  of  being  converted  by  the  living 
plant  into  portions  of  its  own  substance.  The  nature  and  composition 
of  these  forms  of  tnatier,  so  far  as  ihey  are  known,  will  be  considered  in 
a  subsenoeut  lecture,— [See  Part  if..  Lectures  XI.-XIII.,  "  On  the 
eonstiiutttm  of  soils."] 

It  is  upon  the  _^fiai  result  of  this  natural  decay  to  which  all  vegetable 
matter  is  sut^ect,  that  (he  carbonic  acid  of  the  atmosphere  depends  for 
its  largest  supplies.  The  rapidity  with  which  organized  bodies  perish, 
and  become  resolved  into  gaseous  compounds,  depends  partly  upon  (he 
climate  and  partly  on  the  nature  of  (he  substances  themselves, — but  all 
hurry  forward  to  the  same  end,  and  it  is  with  difficulty  that  we  are  able 
for  a  time  to  arrest  or  even  (o  retard  their  steps.  It  is  by  this  perpetual 
and  active  obeiiience  of  all  dead  matter  lo  one  fixed  law  (hat  the  citisi- 
ing  condition  of  things  is  mainlined ; — and  thus  it  happens  that  either 
by  the  tespiralion  of  the  animals  which  live  upon  it,  by  the  nroces"  " 
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comhasdoD,  or  by  that  of  Hpontaneous  decay,  tlie  entire  crop  of  vegeta- 
ble produce  is  apparently,  year  by  year — taking  the  average  of  a  series 
of  years — resolved  into  the  forms  of  matter  from  which  it  was  originally 
built  up  i — and  the  substances  on  which  plants  feed  al  length  restored  lo 
the  air  in  the  precise . proportion  in  which  they  have  been  lakenfrom  il. 


The  above  apparent  conclusion  would  be  absolutely  true,  were  [bore 
no  causes  in  operation  by  which  the  restoration  (o  the  air  of  a  poriioo  of 
the  carbon  of  animal  and  vegetable  substances  is  prevented — and  no 
other  sources,  independent  of  existing  organic  mailer,  from  which  car- 
bonic acid  may  be  supplied  (o  ihe  air. 

If  the  whole  of  the  carbon  be  not  returned  t6  the  air,  the  carbonic  acid 
of  the  atmosphere  may  he  undergoing  diminulion;  while— if  a  large 
supply  beconslantly  poured  into  the  air  from  sources  independent  of 
vegetable  mailer,  the  proportion  of  carbonic  acid  may  be  eonrinually  on 
the  increase. 

We  have  seen  that  the  combustion  of  fossil  coal  adds,  to  the  air  a 
large  quantity  of  carbonic  acid  which  has  never  before  existed  in  the  ai- 
mosphere  of  our  time.  In  many  volcanic  districts  also,  carbonic  acid  is 
observed  to  issne  in  large  quantity  from  cracks  and  fissures  in  the  earih ; 
— ■accompanied  sometimes  by  water,  forming  mineral  springs,  from 
which  the  copious  emisson  of  gas  is  readily  perceived ;-  more  frequendy, 
perhaps,  rising  up  alone,  and  ihua  escaping  general  observation. 

It  must  obviously  be  exceedingly  difficult  to  estimate  the  quanlity  of 
gas  which  rises  into  the  air  in  such  circumstances  over  an  extunsive 
tract  of  country,  fractured  and  broken  up  by  volcanic  agency — where 
the  outlets  are  numerous,  and  the  rale  at  which  the  gas  escapes  very 
variable.  Thai  in  many  localities  it  must  be  very  §reat,  however, 
ibeie  can  be  no  question.  In  the  ancient  volcanic  district  of  the  Eifel, 
comprising  an  area  of  many  square  miles  around  the  Laaeher  See,  on 
the  left  bank  of  the  Rhine,  the  annual  evolution  of  carbonic  acid  from 
springs  and  fissures  has  been  estimated  by  Bischof  at  not  less  ihan 
100,000  ions,  coniaining  97,000  tons  of  carbon.  In  many  other  districts, 
especially  where  active  volcanoes  exist,  the  volume  of  gas  given  off 
may  be  quite  as  great,  though  no  attempts  have  hitherto  been  made  to 

Yet  though  absolutely  large,  tVe  quantity  of  carbonic  acid  disengaged 
in  this  way  from  the  earth,  is  really  small  when  compared  either  with 
the  enlire  quantity  supposed  to  be  present  in  the  atmosphere,  or  with 
that  which  is  required  for  the  growth  of  the  yearly  vegetation  of  the 
globe.  Suppose  that  from  a  thousand  spots  on  the  earth's  surface  a 
quantity  of  carbonic  acid  equal  lo  the  above  estimate  of  Eiscliof  esca|)es 
constantly  into  the  air,  the  weight  of  carbon  (37  millions  of  tons)  thus 
diffused  through  the  atmosphere  would  be  only  eijual  to  that  which  is 
yearly  drawn  from  the  air  by  54  millions  of  acros  of  land  under  cultiva- 
tion (p,  147),  and  only  twice  as  much'as  that  contained  in  the  coal 
which  is  annually  consumed  in  Great  Britain  alone. 

Still  if  the  wkoU  of  the  carbon  contained  in  tho  produce  of  the  general 
vegetation  of  the  globe  be  ultimately  restored  to  the  air, — either  by  the 
respiration  of  animals,  by  the  natural  aqd  slow  decay  of  vegetab'.e  mat.^ 
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•ter,  or  by  the  more  rapid  process  of  combusdon,- 
of  carbonic  acid  derived  from  volcanoes,  and  from  tlie  eombuslion  of  fos- 
sil coai,  should  gradually,  though  slowly,  augiuoDt  the  proportion  of  ihia 
gas  in  (he  sir  we  breathe  ; — unless  it  be  perpetually  undergoing  a  per- 
manent dimiuuiion,  to  at  least  an  equal  extent,  from  (he  operation  of 
other  causes.  In  reference  to  this  point  there  ate  three  circumstances 
which  are  proper  to  be  considered  ; — 

1°.  It  has  been  observed  that,  as  we  recede  from  the  land  aod  ap- 
proach the  cen[re  of  great  lakes,  or  sail  into  the  open  sea,  the  qaaniiiy 
of  carbotjie  acid  in  the  air  gradually  diminishes.  It  is  therefore  inferred 
that  (he  sea  is  constantly,  and  (o  a  sensible  extern,  absorbing  carbonic 
acid  from  the  atmosphere,  without  afterwards  restoring  it,  so  far  as  is 
yet  known,  by  any  cotnpensating  process. 

2°.  The  waters  which  flow  into  the  sea  or  great  lakes  constantly 
bear  down  with  them  portions  of  animal  and  vegetable  matter.  These 
fall  along  with  the  mud  which  the  waters  hold  in  suspension,  and  are 
permanently  imbeddect  in  the  deposits  of  clay,  sill,  and  sand,  which  are 
continually  in  the  course  of  formation. 

3°.  I[i  many  parts  of  the  world,  especially  in  the  latitudes  north  and 
south' of  45°,  vegetable  matter  accuniulaies  in  the  form  of  peat,  becomes 
buried  beneath  clay  and  sand,  and  thus  is  prevented  from  undergoing 
(he  ordinary  process  of  natural  decay. 

It  is  impossible  to  say  how  much  carbon  is  permanently  withdrawn 
from  the  airaoaphere  by  these  several  agencies.  There  ia  reason  to  be- 
lieve that  it  is  quite  as  great  as  the  quantity  added  to  the  air  by  the 
combiislton  of  coal,  and  by  the  evolution  of  carbonic  acid  in  volcanic 
districts.  Indeed,  the  supply  from  these  two  sources  appears  lo  relnrn 
only  a  small  portion  of  thai  carbonic  acid  which  is  abstracied  from  the 
air  by  the  agencies  just  stated,  and  which  have  been  in  operation  during 
every  geological  epoch. 

Conclusions. — The  general  conclusions,  therefore,  which  we  seem  jus- 
tified in  drawing  in  regard  to  (he  supply  of  carbonic  acid  (o  the  airaos- 

1°.  That  a  large  portion  of  the  carbonic  acid  absorbed  by  plants  is 
immediately  and  directly  restorefl  lo  (he  air  by  the  respiration  of  the 
animals  which  feed  upou  vegetable  produt  ' 

2°,  That  a  siill  larger  portion  is 
re-conversion  of  vegetable  substant 
ing  the  process  of  nalural  decay. 

3°.  That  nearly  all  the  remainder  ia  given  back  in  the  results  of  or- 
dinary combustion. 

4°.  That  a  further  portion,  which  has  not  previously  exisied  in  the 
atmosphere  of  our  lime,  is  conveyed  to  it  by  the  burning  of  fossil  fuel, 
and  by  the  emission  of  carbonic  acid  from  cracks  and  fissures  in  the 
surface  of  the  earth  ;  yet  (bat  the  quantity  thus  added  cannot  be  sup- 
jiosed  to  exceed  that  which  is  constantly  and  permanenlly  separated 
from  the  aimosphere  by  oilier  causes. 

The  balance  of  all  the  evidence  we  possess  ia  probably  in  favour  of 
the  opinion  that  the  carbonic  acid  in  the  atmosphere  is  slowly  diminish- 
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ing ;  we  have,  however,  no  satiafaclory  evidence  either  from  theory  or 

experimenl  that  it  has  undergone  any  sensible  dirninuiiou  in  our  lioic* 

§4.   Of  the  supply  of  ammonia  to  plants. 

In  a  previous  lecture  it  has  been  shown  that  in  our  cultivated  fields 
plants  derive  a  portion  of  iheir  nitrogen  from  the  manure  which  is  added 
to  the  soil.  Bat  (he  quantity  of  this  element  present  in  the  manure, 
supposing  it  all  takeu  up  and  appropriated  by  the  plan),  is  seldom  equal 
to  that  contained  io  the  series  of  crops  which  this  manure  assists  in  raising. 

Thus,  in  ihe  experiments  of  Boussingault  already  (iescrihed  (p.  144), 
the  manure  added  previous  to  (he  first,  or  four  years'  course,  contained 
157  parts  of  nitrogen,  while  the  crops  contained  351  parts, — or  nearly 
tiBO-lhirds  more  than  could  be  derived  fiom  the  arUJicial  manure. 

Whence  is  this  excess  of  nitrogen  derived,  and  in  what  form  does  it 
enter  in(o  the  plant?  Liebig  replies  to  these  questions,  that  the  whole 
of  the  nitrogen  absorbed  by  plants  enters  in  the  slate  of  ammonia,  and 
that  the  excess  above  what  is  present  in  the  manure  is  drawn  either 
from  the  soil  or  froni  the  air.  This  opinion,  advanced  by  so  high  an 
authority,  demands  our  altenlive  consideration. 

Ammonia  has  been  detected  in  many  clays,  and  traces  of  it  may  be 
discovered  in  most  soils,  but  it  is  not  known  to  be  a  natural  or  essential 
consfiluent  of  any  of  the  solid  mcks  of  which  the  crust  of  ilie  globe  is 
composed.  These  clays  and  soils,  therefore,  may  be  supposed  lo  have 
derived  their  ammonia  from  the  atmosphere ;  and  Liebig  ascribes  the 
fertilizing  action  of  the  air  upon  stiffclays  when  falbwed,  of  burned  clay 
when  applied  as  a  lop-dreasing,  and  of  gypsum  on  grasslands  [see  noie 
lo  page  53] ,  to  the  larger  quantity  of  ammonia  which  the  surface  of  the 
Boil  is  by  these  means  caused  lo  absorb  and  retain. 

There  is  no  quesiion  thai  ammonia  is  present  in  iha  atmospliore  in 
small  and  variable  quantity  (p.  37).  Whence  is  this  ammonia  derived, 
and  is  its  quantify  sufficient  to  supply  the  demands  of  the  entire  vegeta- 
tion of  the  globe  ? 

When  animal  substances  undergo  decay,  nearly  all  the  niirogen  ihey 
contain  is  ultimately  separated  from  the  other  constituents  in  the  form  of 
ammonia.  Daring  the  decay  of  plants  also,  a  portion  of  iheir  nitrogen 
escapes  in  the  state  of  ammonia.  Of  (he  ammonia  (bus  formed,  much 
ascends  in(o  (he  air,  chiefly  in  combination  with  carbonic  acid  as  carbonate 
of  ammonia  (smelling  satis),  and  much  remains  in  the  soil.  Were  the 
whole  of  the  nitrogen  contained  in  plants  and  animals  to  assume  the 
form  of  ammonia  when  they  decay,  and  to  remain  in  the  soil  or  in  the 
air,  it  would  always  be  within  the  reach  either  of  the  roots  or  leaves  of 
the  living  races;  and  thus  the  same  ammonia  [or  ammonia  containlrii; 
ihe  same  nitrogen — supposing  ihe  hydrogen  to,  have  been  changed] 
might  again  and  again  returnintothecirculationof  new  vegeiable  tribes, 
and  be  always  alone  sufficient  lo  supply  all  Ihe  demands  of  the  exist- 
ing vegetation  of  ihe  globe. 

But  of  the  ammonia  thus  formed,  a  portion  is  daily  washed  from  (lie 
soil  by  the  rains  and  carried  to  the  sea,  and  much  more  probably  is 

tills  guemlon  in  connecilon  with  puteR^  OeoloiicarSi'nsidenitlons  snd  without  reteisni:e  lo 
our  list  I  but  it  would  be  oul  of  place  Id  Inuoduie  here  any  Irsbi  ofreasonlng  which  Is  not 
eilCDialed  Co  Ihronr  light  on  [he  phenDmcna  orthe  easling  vegefalion  of  Ihu  ^liibe. 
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washed  fram  toe  air  by  iho  waiers  of  the  sea  itself,  or  by  the  raios  which 
fall  directly  into  the  wide  oceans  ;  and  we  linow  of  no  compensating 
process  by  which  this  ammonia  can  he  restored  to  the  air,  and  again 
made  useful  to  vegetation. 

Besides,  of  chat  which  siill  remains  in  the  air  much  must  undergo 
decomposition  by  natural  processes.  In  treating  in  a  preceding  section 
of  the  evolution  of  light  catburetted  hydrogen  during  the  slow  decay  of 
vegetable  matter  (p.  153),  I  have  shown  how,  in  consequence  of  its  ad- 
mixture with  the  oiygen  of  ihe  atmosphere,  tliis  gas  is  finely  decom- 
posed, while  carbonic  acid  and  water  are  produced.  Ammonia  in  iike 
manner  will  burn  in  oxygen  gas,  and  when  mixed  with  atmospheric  ait 
may  be  deconlposed  by  the  electric  spark — water  atthesamQtin:ie  being 
formed  aod  nittogen  set  free.    Thus, 

if  with     1  of  AMMONtA  =  NHg 

we  mis  SofOxY&BB   ^  Oj 

3ofWBler.    iofnlrogeu 

we  have  the  sum  NHj   O3  =  3  HO  +   N 

or,  when  diffused  through  the  air,  1  of  ammonia,  with  ihe  aid  oi  3  of 
oxygen,  wilf  yield  3  of  watery  vapour,  while  (he  nitrogen  may*  mingle 
with  the  air  in  an  elementary  form.  Can  we  doubt  that  ammonia 
is  thus  decomposed  in  the  air?  Not  to  speak  of  other  forms  assumed 
by  the  electricity  of  the  atmosphere,  can  tlie  thunder-storms  ol  'he  tropi 
oal  regions  pass  unheeded  the  ammoniacal  vapours  they  must  meet 
with  in  their  course  ? 

I  conclude,  then,  that  of  the  ammonia  which  is  formed  from  the  nitro- 
gen aclualiy  existing  in  aniLual  and  vegetable  substances  during  iheit 
decay,  only  a  comparaiively  small  poriion  ever  returns  again  to  minislei 
to  the  wants  of  new  races.f 

But  if  plants  obtain  all  their  nitrogen  from  ammonia, t  how  is  this 
waste  repaired— whence  are  new  supplies  constaoily  derived  7 

We  have  seen  that,  in  certain  volcanic  countries,  carbonic  acid  is 
evolved  in  vast  quantities  from  rents  and  fissures  in  the  earth-  In  some 
of  diese  districts — rand  this  iias  been  observed  more  especially  in  Italy 
and  Sicily,  and  it  is  said  also  to  some  exient  in  China — ammonia  ia 
likewise  given  o3^  in  conibinaiion  generally  with  some  acid,  and  most 
frequently  with  the  raujiatic  acid  in  the  form  of  sal-ammoniac  (muriate 
of  ammonia).  "  This  aiitmonia,"  LiiMg  is  correct  in  saying,  "Aas  noi 
been  produced  by  Ihe  animal  organism ;"  but  he  assumes  a  very  doubt- 
ful position  wlien  he  adds,  "it  existed  before  the  crealitm  of  human,  ie- 
ings ;  it  is  a  part,  a  primary  consUtaent  of  the  globe  itself." — [Organic 
Chemistry  appUed  10  Agriculture,  p,  112,] 

Where,  we  might  ask,  has  this  ammonia  existed  during  all  past  time 
— from  what  deep  caverns  of  the  earth  does  it  now  escape  7 

1 1  miglit  add,  thai  oftht  B.mm^ikti.  which  doea  remm,  and  Is  f^ain  absorbed,  a  porUon  la 
BUbaequenlF;  decompDSeEl-iD  iJieiji[erior  of  living  plaitts,  an  Ifisliownby  Ihe  evoiuUon  of 

{t^WiidpI&nEfiDbrain  7nanfi'l'^gsifTiimthe*iLmoapMre,imhef<irmDfamjitimia,lhanUtey 

pilruireil."-5:Ll8bifi,  Organic  i:aitinmlr!i  i^ipliid  ta  Aericulture.  p.  35,]    Doaa  the  faol-hote      I 
(bled,  jUBiilJ  ttis  conclusion  wWoli Hiiiwara  to  ha  .lra»m  fram  II J  i  ,„  -  ;,  t  jlHIQ  IC 
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This  opinion  of  Liebig,  as  well  an  the  paramount  influence  he  as- 
cribes to  ammonia  over  the  vegelalion  of  llie  globe,  are  based  chiefly  on 
the  fati  that  we  know  of  no  means  by  whieH  ammonia  can  be  formed 
by  the  direct  union  of  the  liydrogen  and  nitrogen  of  which  il  copsisls. 

But  ihe  production  of  ammonia,  by  the  inilirect  union  of  tiiese  ele- 
menls,  is  daily  going  on  in  nature,  and  can  even  be  effected  by  diffec- 
s  of  art.     Thus— 

n  organic  substances,  which  contain  no  nitrogen,  are  oxidized 
iTi  me  air,  ammonia  is  not  unfreqtiently  formed  (Berzelius).  Hence 
it  must  be  produced  in  unlinown  quantity  during  llie  annual  decay  of 
all  I'egetablo  substances. 

2°.  When  organic  substances  are  oxidized  in  the  presence  of  air  and 
water — as  when  moist  iron  filings  are  exposed  to  the  air  (Chevallier), 
ar  when  certain  oitidized  substances  are  decomposed  in  the  air  by 
IS  of  potassium  (Faraday),  or  when  n       ' 


pidly  oxidized  by  means  of  nitric  acid,  ammonia  is  also  jiToduced  i: 

•  _i.i.  -._._     Jience  the  absorption  of  oxygen,  even  b""''"   '    ' 

of  the  soil,  may  give  rise  to  (he  Ibrmation.o 


variable  quantity.  Hence  the  absorption  of  oxygen,  even  by 
ganic  substances  of  the  soil,  may  give  rise  to  (he  Ibrmation.of  E 
Bui, 

3".  The  fact  which  most  clearly  illustrates  the  production  of  am- 
monia in  nature,  both  on  the  surface  of  the  earth,  in  the  soil,  and  far  in 
the  interior  near  the  seat  of  volcanic  fires,  is  this,  that  if  a  currant  of 
moist  air  be  made  to  pass  over  red-hot  charcoal,  carbonic  acid  and  am- 
monia are  simultaneously  formed.*  This  is  in  reality  only  a  repetition 
in  another  form  of  what  takes  place,  as  above  stated,  when  vegetable 
malter  decays,  or  iron  filings  rustin  moist  air.  The  carbon  and  the  iron 
decompose  the  watery  vapour  in  the  air,  and  combine  with  its  oxygen, 
while,  at  the  instanif  of  its  liberation,  the  hydrogen  of  the-waier  com- 
bines with  the  nitrogen  of  the  air,  and  forms  ammonia. 

The  source  of  the  ammonia  evolved  in  volcanic  districts,  therefore,  is 
no  longer  obscure.  The  existence  of  combustible  malter  in  such  dis- 
tricts, and  at  great  depths  beneath  the  surface,  can  in  few  cases  be 
doubled,  and  the  passage  of  a  mixed  atmosphere  of  common  air  and 
steam  over  such  combustible  matter,  at  a  high  temperature,  appears  to 
be  alone  necessary  to  the  production  of  ammonia.  It  is  unnecessary, 
then,  to  have  recourse  to  doubtful  speculations  in  order  to  account  for 
the  natural  reproduction  of  ammonia,  to  a  certain  extent,  in  the  placi: 

'  This  experiment  l9  easily  performeil  by  draaingi  current  of  miied  umoEplieric  aii 
and Hleam Ibcgugb a  reil-hot  gun-burel lilled wllh  wellbumed  charcoa),  and  causing  ths-. 
currenl,  on  Veiling  the  barrel,  la  pass  througli  waler  miduiated  with  murlallc  add,    Aft«r 

Ihuslidies  nlacslnasmall  eipsrimentorihlB  kind  must  more  rsBdily  and  more  laigeif 
lake  plaM  In  the  Intailoc  of  Uis  eiilh,  wlisre  cbmliuMibls  ulMmaceB  nl  a  liigh  lempFialura 
happen  to  be  exposed  to  acurrenLDfaUnaaphflilcair,  mixed  wlUi  watery  vapour. 

\  A  beaudful  UlnHxatlon  efthe  tendenoy  vl^i^  elementary  euliElanees  ilave  lo  ntiire  wiEh 
each  oilier  at  (he  inafonl  of  their  libeialloa  in  what  oliemitfe  cull  their  noscenl  state,  is  men- 
Uoned  by  Ronije.— SiKteOraig-fndiBiecfcnfBcis  Cfieinie,  p.  3J3. 

If  1  pun  of  liydrale  of  potash  and  20  of  iron  flllnga  be  heated  logellier,  hydrogen  oiily  is 

If  lornllraieafpotaahindaODf  ironflliniM  be  healed  IwiiUtsr,  nllmgen  onlg  la  givia  iff.  ' 

of  each  find  IhemacETea  in  a  condition  to  unite,  and  IhuBanunonJa  Is  produced.  The  same 
result  muet  follow  in  many  naEuml  operations,  when  hydrogen  and  nitrugen  are  set  free 


NITRIC    A 

ol  that  which  is  ( 

Btit  is  the  iadefinile  quantity  of  ammonia  reproduced  by  these  indi 
rect  methods  sufficieot  lo  replace  all  that  is  lost?  Can  it  be  supposed 
to  impart  to  plants  all  (he  nitrogen  they  require  ?  These  queBiioas  will 
be  considered  in  the  following  section. 

§5.   Of  the  supply  of  nitric  add  b?  plants. 

In  regard  to  the  action  of  nitric  acid  upon  vegetation  it  is  known — 

1°.  That  when,  in  the  form  of  nitrates  of  soda,  potash,  &c.,  it  i* 
spread  upoD  the  soil,  it  greatly  promotes  the  growth  and  luxuriance  of 
the  crop  and  increases  its  produce ;  and 

2°.  That,  when  other  circumstancs  are  favourable  to  vegelaiion — at 
in  certain  districts  in  India — the  presence  of  an  appreciable  qtianiiiy  of 
these  nitrates  adds  largely  to  the  fertility  of  the  soil.* 

The  same  eliecls  are  unquestionably  produced  by  the  addition  of  am- 
monia or  by  its  oalural  presence  in  the  soil.  The  beneficial  influence 
of  both  compounds,  then,  being  recognized,  ibe  relative  extent  to  which 
eaeli  operates  upon  the  general  vegetation  of  the  globe  will  be  main 
3y  determined  by  ihe  circumstances  and  the  quaniiiy  in  which  they  res 
peciively  exisl  or  are  reproduced. 

In  regard  to  the  existence  of  nilrie  acid,  it  is  not  known  to  form  a 
necessary  constituent  of  any  of  the  solid  rocits  of  which  ihe  crust  of  the 
globe  is  composed,  but  is  diffused  almost  universally  through  the  soil 
which  overspreads  ihe  surface.  In  the  hotter  regions  of  the  earth,  in 
India,  in  Africa,  and  in  South  America  (p.  56),  it  in  many  places  accu- 
mulates in  sufficient  quantity  lo  form-incrusiationsof  considerable  thick- 
ness over  very  large  areas,  and  in  many  mote  it  can  be  separated  bj 
■washing  the  soil.  Even  in  the  climates  of  Northern  Europe,  it  is  rare- 
ly absent  from  the  water  of  anificial  wells,  into  which  (he  rains,  aftei 
filtering  through  the  surface,  are  permitted  to  make  their  way.f 

On  the  whole,  nitric  acid  and  its  compounds  appear  to  exist,  ready 
formed  in  natore,  in  larger  quantity  than  eiihec  ammonia  or  any  of  its 
compounds. 

*  For  the  following,  and  other  ialeresllng  notices,  reBaniine  Indien  afirlcullure,  I  am  in- 
to which  henlludes.aen'ellsstbeluleresllie  lakes  In  piadical  agdcullure,  renders  liiatcs- 

"ThE  distrielBof  Chaprah,  "nrhootiandShalubsd,  near  Palna,  vihere  a  large  nrorotlion 

ptoducing  3  and  aomBllmes  3  crops  Tearij'.  i'he  nafivea  of  these  dlarlMs,  paniculariy  a 
caste  called  GlalieeB<beredlIU7  fa^enera).  nrio  cuttlvale  the  best  land,  and  pi-oduce  the 
best  crops,  are  Is  the  habit  offrrSaUda  their  Gelds  wllh  water  from  wells  so  sLronglj  Im- 
pregiutted  with  saltpetre  and  other  salts  aelo  bequlte  brackish,  and  the;  consider  onlcna, 
luroips,  and  pcai,  most  beneStted  b;  this  inigUkin.  Orun  crops  also  ^row  moat  luxurleot- 
ly  on  lands  yielding  sallpetrB,  nhere  there  in  enough  a(  rain  within  a  neek  or  two  aher  the 

leaf  becomes  vellow,  end  thircrap  blls. 

-TheHiadoosdanotgsnenUymanurethelr  lands,  as  the  dung  of  the  catUe  isDsed  Tor 
fnel,  but  the  Quireea  colleet  the  eshes  of  con  dung  and  of-  bumed^wood,  and  use  ^I  as  a  ma- 
nure In  some  cases,  chleflr  Ihr  the  poppy  plant. 

"The  Htnduos  hare  Ihracea  been  w^  acquainted  n-lth  Iherolallon  of  c[ops,and  Ihe  ad- 

t  It  occurs  In  the  wells  of  (he  Eeiehbaorhood  of  Berlin  <Milacherlich^  In  the  form  of  nl- 
trales  of  potash,  Ume,  and  magnesia,  in  Uie  wells  aroiind  Siockhohn,  and  may  be  eipectsd 
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Of  these  nitrates,  as  they  do  of  a 
ally  bearing  a  portion  to  the  sea,  hut  there  are  in  nature  unceasing'  pro- 
cesses of  reproduction,  by  which  not  only  ihia  waste  of  the  nitrates  is 
repaired,  but  that  further  waste,  also,  which  is  caused  by  their  absorp- 
tion into  the  roots  and  subsequent  decomposition  in  the  interior  of  plants. 
Let  us  shortly  consider  these  processes  of  reproduction. 

1°.  When  a  succession  of  electric  sparks  is  passed  through  common 
air,  nitric  acid  (NO5)  is  slowly  but  sensibly  formed.  The  currents  of 
eleclriciw  which  in  nature  traverse  the  atmosphere  must  produce  the 
same  effect,  and  the  passage  of  each  flash  of  lightning  through  the  air 
must  be  attended  by  the  formation  of  some  portion  of  this  acid. 

Afler  a  thunder-storm  plants  appear  wonderfully  refreshed;  in  thun- 
dery weather  they. grow  most  luxuriantly,  and  other  things  being  equal, 
those  seasons  in  which  there  is  much  thunder  are  observed  to  be  tlie 
most  fruitful.  Some  have  ascribed  these  results  to  the  immediate  agency 
of  electricity  on  the  growth  of  plants. — [Sprengel,  Ckemie,  I.,  p.  99.] 
It  is  not  equally  possible  that  they  may  be  connected  with  this  necessary 
production  of  nitric  acid  ] 

In  the  rain  which  fell  during  17  thunder-storms,  Liebig  found  nitric 
acid  always  present  and  generally  in  combination  with  lime  and  am- 
monia. In  the  rain  which  fell  on  60  other  occasioiis,  he  could  detect  it 
only  twice.  In  minute  quanrity  nitric  acid  is  difficult  to  detect.  How 
much  then  must  be  formed  in  a  thunder-storm,  even  in  our  climate,  10 
make  the  presence  of  this  acid  always  appreciable  in  the  rain  that  falls 
— how  vast  a  quantity  in  those  warmer  climates  where  such  storms  are 
so  frequent  and  so  appalling! 

2°.  When  a  mixture  of  ammonia  with  oxygen  gas  is  exploded  by 
passing  an  electric  spark  ihmugh  it,  a  quantity  of  nitric  acid  is  formed, 
even  when  the  oxygen  is  not  sufficient  to  oxidize  tha  whole  of  the  am- 
monia* (Bischof).  Hence,  if  in  (he  air,  as  we  have  seen  reason  to  be- 
lieve, the  ammonia  given  off  from  decaying  animal  matters,  and  from 
other  sources,  be  decomposed  by  the  atmospheric  electricity, — there  will 
necessarily  be  formed  at  the  satne  instant  a  portion  of  nitric  acid,  at  ibe 
expense  of  the  nitrogen  ofthe  ammonia  itself.  This  nitric  acid  will,  as 
necessarily,  combine  with  soine  of  the  ammonia  which  still  remains  in 
the  air.  Hence  the  existence  and  prodaclion  of  mIraU  of  ammonia  in 
the  atmosphere,  and  the  consequent  presence  of  this  acid  along  with  ara- 


Thus  the  very  cause  which  in  the  preceding  section  was  shown  li 
'  ■     -  ■     -1  the  air 


of  this  compound  in  the  atmosphere  in  the  large  quantity  supposed  by 
some  [see  especially  Liebig's  Qrganic  Chemistry  applied  to  Agriculture, 
p.  74],  this  same  cause  is  at  the  same  moment  constantly  reproducing 
nitric  acid.  And,  though  much  of  what  is  thus  produced  must  neces- 
sarily, as  in  the  case  of  ammonia,  be  carried  down  to  the  sea  by  tho 
rains,  or  be  directly  absorbed  by  the  waters  of  tlie  ocean  themselves,  yet 
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ii  is  obvious  that  in  whatever  proportion  we  may  suppose  ihe  arnmonia 
of  the  ait  to  reach  the  leaves  and  roots  of  plaota,  in  no  less  proportion 
must  ihe  nitric  acid,  with  which  it  is  asaociateii,  be  enabled  to  enter  into 
tbe  circulating  system  of  the  various  tribes  of  living  vegetables,  that 
flourish  on  every  quarter  of  the  globe. 

3°.  Again,  we  have  seen  that,  during  the  decay  of  vegetable  substan- 
ces in  moist  air,  ammonia  is  formed  at  the  expense  of  the  hydrogen  of 
the  water  and  of  the  nitrogen  of  the  air.  In  consequence  of,  or  in  con- 
neclion  with,  such  decay,  nitric  acid  is  also  largely  produced  in  nature. 

The  roost  familiar,  as  well  as  the  most  instniciive  examples  of  this 
formation  of  nitric  acid  is  in  the  artilicial  nitre  beds  of  France  and  the 
north  of  Europe.  These  are  Ibrmed  by  mixing  earth  of  difierent  kinds 
with  stable  manure  or  other  animal  and  vegetable  matters,  and  exposing 
the  mixture  to  the  air  in  long  ridges  or  conical  heaps,  which  are  occa- 
sionally watered  with  liquid  manure,  and  turned  over,  to  expose  fresh 
portions  10  the  air.  After  a  time,  perhaps  once  a  year,  the  whole  is 
washed,  when  the  water  which  comes  off  is  found  to  contain  a  variable 
quantity  of  the  nitrates  of  potash,  soda,  lime,  and  magnesia,  which  are 
employed  for  the  manufaclure  of  saltpetre.  In  these  nitre  beds  it  baa 
been  observed  that  the  production  of  nitric  acid  either  does  not  lake  plaec 
at  ail,  or  only  with  esireme  slowness,  unless  animal  and  vegetable  mat- 
ter be  present  in  considerable  proportion.  And  yellhequantity  of  nitric 
acid  which  is  formed  is  much  greater  than  could  be  produced  by  the 
oxidation  of  the  whole  of  the  nitrogen  contained  in  ihe  organic  matters 
present  in  the  mixture.*  It  is  also  observed  that  the  nitre  beds  are  more 
productive  when  a  portion  from  one  outer  face  of  the  heap  is  lisivialed 
from  lime  to  time,  and  the  washed  earth  added  to  the  other  side,  than' 
when  the  whole  is  lixiviated  at  once,  and  again  formed  into  a  heap  and 
exposed  to  the  air. 

It  appears,  therefore,  that  organic  matters  are  in  our  climate  necessa- 
ry to  cause  the  formation  of  nitric  acid  to  commence,  but  that  after  it  has 
begun  it  will  proceed  in  the  same  heap  for  an  indefinite  period,  and  at 
the  expense  apparently  of  the  nitrogen  of  the  air  only. 

Compost  heaps  are  in  general  only  artificial  nitre  beds,  often  unskil- 
fully prepared  and  badly  managed,  producing,  however,  a  certain  quan- 
tity of  nitrates,  to  the  presence  of  which  their  effect  on  vegetation  may 
not  Hnfret|uently  be  ascribed.'  To  this  fact  we  shall  hereafter  recur. 

The  soils  in  the  plains  of  India,  and  in  other  similar  spots  in  the  trop- 
ical regions,  may  be  regarded  as  natural  nitre  beds,  in  which,  the  decay 
of  organic  matter  being  vastly  .more  rapid  than  in  our  temperate  regions, 
thB  production  of  nitric  acid  is  rapid  in  proportion. f 

4°,  But  in  many  localities  in  which  tbe  presence  of  organic  matter  is 

-  Dumas,  7Vm*f£deqA«afe,n.,  p.  796.    HeiutdE,lliUl<»tbB.oriiltreconUilnllienitn>gea 

added  (o  the  hmp. 

I  Wb  ars  as  jet  loo  liUle  Bcgiiainlert  with  111*  nalnral  hialory  of  [he  dialriot  of  Atica  Id 
Btmlb  AmertFS.  In  vf hle.h,  as  alread;  alaled  (p.  Bi).  the  nllmie  at  sods,  tiaa  be?n  accnmnlateu 

cientlSif,!!  ianDMinHkelytlial  the  ndtate  ma;  have  been  derived  from  Ihe  suoceaalve 
waallinilH  of  a  HOil  aimllat  tolhatnf  Inrtla,by  raiae  or  periodical  floods,  which  for  a  long  pe. 
riad  emptied  themaelvea  into  or  fed  Uie  lake. 
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not  lo  be  recognized  in  sensible  quantity,  the  production  of  this  scid  is 
observed  to  proceed  "vjih  a  eoHsiani  and  steady  pace.  Thus,  from  (he 
walls  of  certain  caves  in  Ceylon  a  layer  is  yearly  pared  off,  which 
yields  an  abundant  crop  of  saltpetre  (Dr.  John  Davy).  The  celebrated 
Maniinoih  cave  in  Kentucky,  situated  in  a  limestone  ridge,  yields  an 
inexhaustible  supply  of  nitrate  of  lime.  During  (he  war  with  Great 
Britain,  fifty  men  were  constantly  employed  in  lixiviating  the  earth  of 
this  cave,  and  in  about  three  years  the  washed  earih  is  said  lo  become 
as  strongly  impregnaied  as  at  first.  Through  the  cave  a  strong  current 
of  air  is  cominually  rushing — inwards  in  winter,  and  outwards  during 
the  summer  months.  On  ihe  plasler  of  old  walls,  especially  in  damp 
situations,  an  efflorescence  of  this  and  other  nitrates  is  frequently  ob- 
served over  every  part  of  Europe.  In  China,  according  to  Davis,  (he 
old  piaster  of  the  houses  is  so  much  esteemed  as  a  manure,  that  parties 
will  often  purchase  it  at  the  expense  of  a  coaling  of  new  plasler.  Old 
clay  wfills,  and  especially  ihe  walls  of  clny-bniit  huts,  are  said  lo  be 
very  fertilizing  ip  the  land,  when  applied  as  a  lop-diessing,  and  in  some 
parls  of  England,  where  llie  land  is  poor,  the  people  are  said  lo  jiile  up 
the  soil  in  the  form  of  walls,  in  order  to  improve  its  quality. ,  These  lat- 
ter facts  seem  lo  indicate  thai  both  in  China  and  England  nitric  acid  is 
produced  in  similar  circumstances,  and  that  to  its  j)roducfion  the  ferti- 
lizing action  of  the  old  plaster,  and  of  the  wcaOiered  clay,  is  alike  to  be 
atirlb.uied. 

In  ihe  cultivated  soil  also,  this  acid  is  formed  in  ordinary  circum- 
stances. Braconnol  found  nitrate  of  potash  in  the  botanic  garden  at 
Nancy,  in  a  portion  of  soil  in  which  poppies  (papaver  eomniferum)  had 
grortn  luxuriantly  for  ten  years  in  succession — in  larger  quantity  in  rhe 
soil  surrounding  the  interlaced  rools  of  an  esclepiaa  tncamata,  growing 
in  an  ordinary  flower-pot,  with  a  hole  in  the  boiioin — as  well  as  in  moss 
earth,  in  which  a  plant  of  euphorbia  breoni  had  been  grown  in  a  pot. — 
[Ann.  de  Ckim.  et  de  Phys.,  Ixxii.,  p.  33  lo  35.]  There  is  little  reason 
to  doubt,  indeed,  that  nitrates  are  lo  be  found,  in  greater  or  less  quantity, 
in  all  cultivated  soils. 

1  shall  not  enter  into  a  detailed  inquiry  how  this  nitric  acid  is  formed. 
It  is  probable  that  as  in  the  atmosphere  ammonia  may  be  decomposed 
and  give  rise  to  the  formation  of  nitric  acid,  so  in  the  soil  this  acid  may 
result  from  a  similar  decompositioD,proceedinginore  slowly,  but  accord- 
ing to  the  same  natural  laws.  In  warm  chmales,  indeed,  it  appears 
certain  that  the  ammonia  which  is  evolved  or  formed  during  the  decay 
of  animal  and  vegelabie  substances,  does  speedily,  and  to  a  great  e:iieiit, 
undergo  oxidation,*  and  thus  give  rise  to  the  greater  abundance  of  nitric 
acid  wi(h  which  the  tropical  soils  abound. 

Thus,  in  the  economy  of  nature,  much  ammonia  is  decomposed  in  the 
soil  also,  and  hence  another  cause  for  the  constant  diminution  of  the 
quantity  of  this  compound  in  addition  to  those  already  detailed  in  the 
preceding  section. 

But,  besides  the  portion  of  this  nitric  acid,  which  owes  its  existence  to 

1  of  '    I  of        3  of    ■ 

Ammonia.        NilticAold.  Waror, 

NH3  -^3O  =  N0s  -I-  3HO. 


the  decomposition  of  ammonia,  much,  by  far  the  gfeatest  proportion  in 
all  probability,  derives  its  origin  from  the  uiiion-of  ilie  elemenls  of  Uie 
airnosptiere  itself.  This  direct  iioion  is  effecied  in  ihe  air,  as  has  been 
alcpady  showii,  by  the-  agency  of  atiQospheric  electricity;  but  it  also 
lakes  place  in  the  soil  during  tiis  oxidation  of  the  other  elements  con- 
tained in  the  organic  matters. which  are  there  undergoing  decay.  The 
combination  of  the  elements  of  ammonia  in  such  circumstances  proceeds 
on  ihe  priQci|)le  that  bodJea,  themselves  undergoing  oxidation,  diejmse 
other  substances  in  contact  with  them  (in  this  instance  the  nitrogen  of 
the  air)  to  unite  with  oxygen  also.  The  presence  of  lime,  poiash,  &e, 
in  the  soil,  further  induces  to  this  onidalion  by  the  tendency  of  these  sub- 
stances to  combine  with  the  acid  which  is  ibimed  by  this  union  of  the 
elements  of  which  nitric  acid  consists. — It  is  impossible  precisely  to  es- 
timate the  t|aantiiy  of  nitric  acid  produced  in  these  various  ways,  through 
these  various  agents,  and  in  these  varied  rarcumsiances,  or  to  balance  it 
acaaratdy  against  the  amount  of  ammonia  itoDtinually  reproduced,  as 
we  have  seen,  in  nature,  wherever  the  iiecessary  conditions  present 
themselves.  But,  as  T  formerly  concluded,  that  the  amount  of  nitric 
acid  actually  existing  in  the  superficial  deposits  of  our  globe  is  greater 
than  that  of  ammonia,  so  I  think  that,  in  regard  to  the  reproduction  also 
of  these  two  compounds,  the  balance  is  in  favour  of  the  former. 

Since,  then,  nitric  acid  is  fitted,  by  the  solubility  of  its  compounds,  to 
enter  into  the  circulation  of  plants  in  any  quantity — since,  when  applied 
to  them,  it  does  undoubtedly  promote,  in  a  remarkable  degree,  the  growth 
of  plants — and  since,  in  nature,  ii  is  continually  reproduced  in  every 
country,  and  under  such  varied  circumstances — I  cannot  withhold  my- 
self from  the  conclusion,  that,  over  the  general  vegetation  of  the  globe, 
it  holds  with  ammonia  at  least  an  equal  sway,  and  is  ap)ioinied  to  exur~ 
dse  at  least  an  equal  influence  over  the  growth  of  plants,  both  in  their 
natural  and  in  their  cultivated  stale. 

Stilt  the  influence  of  each  is  not  unvaried  by  locality  or  by  climate. 
The  extent  of  dominion  exercised  by  the  nitrates  probably  diriiinishes  as 
we  recede  from  the  equator,  while  that  of  ammonia  increases, — it  may 
be  in  an  equal  proportion,  The  reason  of  this  probable  variation  will 
appear  in  the  following  section. 

§  6.   Theory  offke  action  of  nitric  add  and  amntoiaa. 
These  two  compounds  set  so  far  in  common  as  to  yield  a  supply  of 
mtrogen  to  the  plants  into  which  they  enter.     They  do  so,  however,  un- 
der conditions  which  may  be  considerably  different,  and  may  be  attend- 
ed by  unlike  chemical  changes, 

1°.  The  nitric  acid  of  the  nitrates  entering  into  the  circulation  of  the 
roots  will  ascend  to  the  leaf,  and  will  there  be  decomposed  in  the  same 
way  as  the  carbonic  and  other  similar  acids  are,  by  the  action  of  the 
sun's  rays.  It  is  only  in  the  light  of  day  that  carbonic  acid  is  decom- 
posed in  the  green  parts  of  plants — so  must  it  be,  generally,  with  the 
nitric  acid  which  ascends  lo  the  leaf.  Its  oxygen  will  be  given  off, 
while  its  nitrogen  may  be  retained  in  the  circuialiugsystemof  iheplant.    | 


The  eKteni  lo  which  this  decomposition  will  take  plac 
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of  the  sap  through  the  leaf  will  depend,  in  some  i5earee,  on  the  nature 
of  the  base  (whether  potash,  soda,  or  lime,)  with  which  the  acid  is  in 
combination,  but  much  more  on  the  intensity  of  the  light  to  which  the 
green  parts  of  the  plant  are  exposed,  and  on  the  temperature  of  the  air  in 
which  the  plant  happens  to  grow. 

2°.  It  is  still  uncertain  whether  (his  acid  is  capable  of  being  decom- 
posed in  (he  roots  or  stems  of  plants  where  it  is  excluded  from  the  light, 
though  it  is  very  probable  that  it  may  be  so,  especially  in  cases  where 
the  juices  naturally  contain  substances  in  which  hydrogen  is  present  in 
excess,  or  where  such  compounds  make  their  way  into  the  circulation 
of  platits  from  the  manure  that  may  be  applied  to  iheir  roots. 

Thus  in  the  pines,  in  which  turpentine  {C,o  H.3,)  naturally  abounds, 
sucli  a  decomposition  tnay  the  more  readily  occur,  inasmuch  as  it  wouk[ 
not  necessarily  imply  (he  production  and  evolution  of  any  gaseous  sub- 
stance.    Thus 

1  of  Oil  oj'TuRFENTiNE,  =  C,o  Haa  with  the  oxygen  of 

1  of  Nitric  Acid  (NOj)    =  O 5  gives 


1  of  Resin =  Ci„  Rss    Oj 

By  uniting  with  the  oxygpn  of  the  nitric  acid,  therefore,  oil  ol  turpen- 
tine, in  such  trees,  might  he  changed  into  resin  during  its  passage 
through  the  stem,  while  liie  m(rogen,  being  set  free,  mighi,  at  the  mo- 
ment of  its  liberation,  unite  with  other  elements  to  form  those  parts  or 
productions  of  the  tree  into  which  this  element  enters  as  a  necessary 
constituent. 

The  above  must  be  considered  merely  as  an  illustration  of  the  kind  of 
changes  which  may  possibly  take  place  in  the  interior  of  certain  plauta, 
and  in  the  absence  of  light,  when  the  nitrules  happen  to  he  present. 
Were  I  10  atfirra  that  such  changes  actually  do  occur  in  the  presence 
of  nitric  acid,  the  theoretical  chemist  would  have  a  right  to  expect  that 
several  coliateral  ques^ns  should  be  discussed,  the  consideration  of 
which  would  here  'oe  out  of  place. 

3°.  The  nitrates  may  also  act  in  another  way,  which  does  not  involve 
the  necessity  of  the  tota!  decomposition  of  the  acid  they  contain.  We 
know  that  in  nature  many  substances  are  capable  of  inducing  chemical 
changes  in  other  compound  bodies,  without  themselves  undergoing  de- 
composition. Some  beautiful  illustrations  of  this  have  already  been 
given  in  a  previous  lecture,  when  treating  of  the  action  of  sulphuric  acid 
upon  starch  and  woody  fibre,  [Lecture  VX..  pp.  113,  114.]  But  the  fact 
which  most  immediately  bears  on  the  influence  of  the  nitric  acid  in  the 
living  plant,  is  that  mentioned  in  p.  126, — that  by  solution  in  this  acid 
in  the  cold,  starch  is  converted  into  a  substance  having  the  composition 
of  ^rtiody  fibre.  In  the  interior  of  the  plant  changes  of  this  hind  may 
be  produced  by  simple  contact  only,  with  the  nitric  acid,  so  that,  with- 
out being  dacomjiosed,  it  may  be  materially  serviceable  in  promoting 
those  molecular  changes  which  are  necessary  to  the  healthy  and  rapid 
growth  of  the  plant. 


jntributing  to  the  growth  of  the  plant, 
11  as  of  the  nitrogen  it  contains.     We 


liave  aeeii  [notes  (o  pages  136  and  138,]  thai,  according  fo  the  results 
of  ihe  best  experimenis,  the  whoie  of  t}ie  oxygen  of  the  carbonic  acid 
absorbed,  is  col  given  off  by  the  leaves  of  all  plants  even  in  (he  sun- 
shine,— while  in  (he  dark  this  gaa  is  largely  and  directly  imbibed  from 
the  air.  If  id  the  sap  of  a  plant  there  be  present  at  the  same  lime  a 
quantity  of  aminonia,  the  hydrogen  of  this  ammonia  may  unite  directly 
with  the  oxygen  of  the  carbonic  acid,  forming  water  and  a  proportionate 
quantity  of  one  or  other  of  the  several  compounds  (p.  113),  which  may 
be  represented  by  carbon  and  water.     Thus 

3  of  Carbonic  Acid,  i=  C3         O^   and  the  hydrogen  of 

2  of  Ammonia  (NH,)  =        H- 

a  of  Grape  3  of 

give  .  .  .  .  C3  Ho  Oo  =  C3  H^'Oa  +  3HO 
so  that  where  ammonia  is  present,  and  circumstances  are  favourable, 
sugar  or  starch  may  be  formed  in  variable  quantity,  without  the  necfes- 
sary  evolution  of  oxygen  gaa.  Thia  change  will  take  place  in  the  inte- 
rior of  the  leaf.  And,  if  the  direct  decomposition  of  carbonic  acid,  and 
the  evolution  of  its  oxygen  by  the  agency  of  the  sun,  lake  place  at  the 
same  lime — with  a  rapidity  proportioned  to  the  intensity  of  the  light, — 
this  simullaueous  production  of  sugar,  .&e.,  from  ihe  presence  of  ammo- 
nia, must  aid  the  increase  and  growth  of  the  plant;  and  may  be  one 
main  cause  of  (he  fertihzing  action  of  this  compoand,  which  has  been  so 
long  and  so  generally  recognized. 

When  [he  hydrogen  of  the  ammonia  is  thus  worked  up,  the  quantity 
of  oxygen  which  escapes  from  the  leaf  must  be  less  in  proportion  ;  and 
hence  another  cause  (p.  136)  for  those  discrepancies  wliich  have  been 
observed  in  regard  to  the  bulk  of  oxygen  given  off,  compared  with  that 
of  the  carbonic  acid  taken  in,  by  the  leaves  of  difierent  plants. 

But  at  the  same  lime  the  ni(rogen  is  set  free.  This  nitrogen  will 
eiiher  be  again  compounded  in  the  plant  with  other  elements,  or,  if  not 
required  for  its  healthy  growth — that  is,  if  more  largely  present  than  is 
required  bv  the  plant — it  will  be  directly  emitted  by  the  leaves,  or  sent 
downwarcis  and  permitted  to  eacape  by  the  root.  Hence  the  reason 
why  pure  nitragen  ia  evolved  from  the  leaves  of  some  plants  {p.  96), 
and  why  ammonia  exercises  a  beneficial  aciioo  upon  vegetation,  in 
cases  where  all  the  nitrogen  it  contains  ia  neither  retained  nor  required 
by -ihe  plant. 

Does  this  decomposition  necessarily  require  the  agency  of  light] 
May  it  not  take  place  in  the  absence  of  the  sun  1 

I  will  mention  one  or  two  facts  which  seem  to  throw  light  upon  thia 

1°.  Plants  grow  in  the  dark.  Though  feeble  and  blanched,  the^f  in- 
crease largely  in  bulk;  they  must,  therefore,  have  ihe  power  of  assimi- 
lating their  food  to  a  certain  extent,  independent  of  the  sun's  rays. 

2°.  Several  species  of  Poa,  Pianiago,  Trifolium  arvense,  Cbeiran- 
thus,  &c.,  become  green  in  the  perpetual  darkness  of  mines  (Hum- 
boldt). 

3°.  When  a  little  hydroften  is  mixed  with  the  air,  plants  become 
greenish,  even  in  the  dark  (Sennebier)  ;  and  when  exposed  to  the  sun, 
the  green  becomes  unusually  intense  ia  such  a  mixture  (IngenhouBs). 

8  AnOOglC 
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colour  m  uch  more  intense,  and  in  l he  darkest  weather 
probable,  I  think,  that  the  hydrogen  of  the  ammonia  coniriboies  tii  this 
immediate  effect,  and  that  the  ammonia  itself  may  be  decomposed  and 
iia  elements  appropriated  to  the  noorishment  of  (he  living  vegetable, 
either  by  the  nnaided  viial  powers  of  ihe  plant,  or  in  the  presence  of  a 
feeble  light  only.     Like  water,  ammania.  ia  peculiarly  liable  to  deconi- 

r'lsilioo,  not  always  of  that  perfect  kind  whicli, /or  the  sake  of  simplwily, 
have  endeavoured  to  explain  in  the  present  lecture,  yet  such  as  io  ren- 
der the  elements  of  which  it  coosisls  available  to  the  general  nourish- 
ment of  the  plant. 

§7.   Comparative  infiaence  }f  nilric  acid  and  of  ammonia  in  difertnl 
climates. 

It  follows,  from  what  is  above  stated,  that  (be  beneficnl  infloence  ol 
ammonia  upon  vegetation  will  be  readily  peiceived  in  all  clim  lies  in 
which  plants  are  found  to  flourish.  Its  effeets  will  be  greater  and  n  orp 
rapid  where  the  heal  and  light  are  more  intense  — onl)  because  by  the&e 
agenis  the  functions  of  alt  life  are  stimulated. 

Not  so  with  the  nitric  acid  in  the  nitrates.  In  the  presence  of  organic 
compounds,  that  is,  in  the  sap  of  the  plant,  it  is  less  easily  decomposed 
than  ammonia.  It  requires  the  interference  of  more  powerful  agents — 
of  a  higher  temperature,  or  of  more  brilliant  light, — and  thus  its  efficacy 
upon  vegetatiou  will  be  more  dejiendent  upon  season  and  climate. 

Now,  we  have  seen  that  in  tropical  countries  the  nitrates  are  pmduced 
in  the  greatest  abundance,  and  there  the  high  temperature  and  the  bril- 
liant sun  should  render  them  most  useful  to  vegetation.  Such  is  well 
known  10  be  the  case,  and  it  may  be  regarded  as  one  of  those  bountiful 
adapialions  with  which  ali  nature  is  full— that  in  these  warmer  regions, 
the  ammonia  produced  in  the  soil  is  first  converted  into  nitric  acid,  thai 
it  may  remain  fixed,  and  that  this  acid  again  is  decomposed  by  the  saiiie 
agents  (light  and  beat),  when  ii  enters  the  Uving  plant,  and  is  required 
[o  minister  to  its  gmwih>  On  the  other  hand,  it  may  no  less  be  regarded 
as  a  wise  ptuvision,  that  in  colder  and  more  uncertain  climates,  where 
warm  and  brilliant  summers  ate  less  lo  be  depended  upon,  that  com- 
pound of  nitmgen  (ainmonia)  should  more  abound,  which  is  most  easily 
decomposed  in  the  Uving  plant,  which  is  fitted  in  comparative  darkness 
to  yield  up  its  nitrogen,  and  by  the  hydrogen  it  contains,  to  Compensate 
in  some  slight  degree  for  the  partial  absence  of  the  snn's  rays. 

From  these  views,  therefore,  we  should  draw  this  further  praciical 
conclusion — that  in  our  climate,  ammonia  is  sure  to  promote  vegeiaiion, 
and  in  every  season,  while  the  nitrates  will  produce  their  ??i£mm«»s  effect, 
other  tiling^  being  equal,  in  sach  (wly  as  have  abundant  warmth  and 
sunshine.  Is  this  conclusion  consistent  with  observation?  Will  it 
serve  to  explain  any  of  the  apparent  failures  which  have  occasionally 
been  experienced  in  the  employcoeiit  of  the  mtralesJ 

5  8.  Slimidating  influence  of  these  compounds. 
There  remains  one  other  point  in  regard  to  ihe  efiect  of  these  two 
compouads  upon  vegetation,  to  which  I  would  request  yoi      " 
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We  have  seen  thai  the  quantity  of  nitrogen  contained  In  a  crop  raised 
by  the  aid  of  farm-yard  manure,  is  very  much  greater  llian  that  which 
exists  in  the  manure  itself,  and  the  views  just  exposed  serve  to  indicate 
tlie  sources  fram  which  the  excess  is  derived.  But  suppose  that  upon 
two  patches  of  ground,  of  equal  quality,  the  one  of  which  is  manured 
and  the  other  not,  equal  quantities  of  the  same  seed  be  sown,  it  is 
consistent  with  experience — that  the  cjop  reaped  from  the  manured 
portion  will  not  only  contain  more  nitrogen  than  that  reaped  from  the 
unmanured  portion,  but  so  much  more  as  shall  considerably  exceed  that 
contained  in  the  manure  itself.  Thus  suppose  the  crop  raised  from  the 
unmanured  land  to  contain  100  lbs.  of  nitrogen,  and  that  the  maaure  laid 
on  the  other  portion  contained  100  lbs.  also,  the  crop  which  is  reaped 
from  this  laner  portion,  in  favourable  seasons,  will  exceed,  and  probably 
very  far  exceed,  200  lbs.  Hence  the  effect  of  the  aminonia,  &c.,  in  the 
farm-yard  manure,  is  not  merely  lo  yield  its  own  nitrogen  to  the  plant, 
but  10  enable  it,  in  some  way  hitherto  unexplained,  to  draw  from  other 
sources  a  larger  portion  of  the  same  element  than  it  would  otherwise  do. 
So  also  with  the  nitrates.  If  two  equal  portions  of  the  same  grass  or 
corn-field,  in  early  spring,  be,  measured  off,  and  one  of  them  be  lop- 
dresaed  with  nitraie  of  soda  or  with  saltpetre,  the  weight  of  nitrogen  con- 
tained in  the  crop  of  hay  or  corn  reaped  from  (he  latter,  will  generally 
be  found  to  exceed  that  contained  in  the  crop  from  the  former,  by  a 
quantity  much  greater  than  that  which  was  present  in  the  nitrate  with 
which  the  land  was  dressed.'     In  addition,  therefore,  to  the  nitrogen  di- 

•  TliB  following  CBlcutalions  itiuslrate  the  BHUSmenl  In  Ihe  1EX1>-Mr.  Oray,  of  Dilslon, 
[Gee  Joarnal  of  Ba;al  En^ish  Agrlcullunit  SocLet;,]  applied  niU-ale  of  so<la  lo  grass  lund  la 


Wllhoul  nilrato    .    .    33       2        6  23       1       21 

Ejceas,        10       0        5  8       0       10 

CakulBflnglliebuetielofcomeieaitia.,  Ihe  excess  of  corn  smounled  to  600  lbs,,  cnnlsintiig 
24ij  per  cent  or  147  lbs.  of  glulen  and  albnmen.  The  nllm^en  In  Ihese  eubalances,  wlien 
properly  dried,  is  from  15  lo  17  per  oenl.  If  we  suppose  Ihe  gluten  nol  lo  have  been  qulla 
aiy,  and  allow  nnlv  14  per  cent,  of  nllroien,  147  lbs.  watild  coniam  W>i  lbs.  of  Ibis  element. 

Bui  Ihe  nilrated  corn  conlained  5  per  nont.  moreglnlen  and  albumen  than  Ihe  un-nitt»[ed, 
which  in  33 bushels (SOOaibsl^ves  100 lbs. of glulen in  eieesB, containing  14 lbs.  ofnicrogen. 

And  3  am.  ofaliawCQao  lbs.)  contained  one-Uilrd  ofspercenl.  of Dllragen,(Baas9ingafl]t,] 

1°,  InOOOibs  ofwhealalMli  percenl.ofgluten aO«  lbs.  Nitrogen. 


Biillhenltrogenlnlcwi.  ofdry  nitrate  of  s6da,  as  already  Slated,  la  only  19  lb3,orlilUB 

['  Urj  nilralo  of  aoda  coolahw  about  16X  per  cent,  of  iillrogen,  heins  19  lbs,  to  the  iwt, 

ID  per  cent,  nf  waier.  The  sllnieea,  therefore,  may  be  esUmaled  at  2>£  ounces  In  the  poDod,] 

...      .CtOOJ^Ic 


rectly  cooveyed  to  the  plant  by  ihese  nitrates,  they  aJso  exercise  some 
other  infiueoce,  by  which  they  enable  the  hving  vegetable  to  draw  from 
natural  sources  a  much  larger  supply  than  they  would  oiberwise  be 
capable  of  doing.     "What  is  this  influence,  and  how  is  it  explained  ? 

This  I  suppose  to  be  that  kind  of  influence  lo  which  writers  on  agri- 
culture are  in  the  habit  of  alluding,  when  they  speak  of  certain  substan- 
ces stimulating  plants  or  act  ins  as  stimidanls  to  their  growth,  ibougb  the 
term  itself  conveys  to  the  mind  no  distinct  idea  of  the  mode  of  operation 
intended  (o  be  indicated — of  the  way  in  which  the  effect  is  produced. 

In  the  present  case,  this  special  action  of  ammonia  and  the  nitrates, 
and  pierhaps  also  of  immediate  applications  of  manure  in  general,  ap- 
pears lo  arise  from  iheir  affording  lo  the  plant,  in  its  early  youth,  a  copi- 
ous supply  of  nitrogenous  food,  by  which  it  is  enabled  at  once  to  shoot 
out  in  a  more  healthy  and  vigorous  manner.  It  ihrusts  forth  roots  in 
greater  numbers,  and  lo  greater  distances,  and  is  thus  enabled  to  extract 
nourisliment  from  a  greater  extent  and  depth  of  soil  than  is  ever  reached 
by  the  sickly  plant — it  expands  larger  and  more  numerous  leaves,  and 
thus  can  extract  from  the  air  more  of  every  thing  it  contains  which  ia 
fitted  to  supply  the  warns  of  ihe  living  vegetable;  as  the  stout  and 
healthy  savage  can  hunt  and  fish  to  support  many  lives,  while  the  feeble 
or  sickly  can  scarcely  secure  sustenance  for,  himself  alone.  Feed  a  wild 
animal  well  the  first  few  months  of  its  life,  and  you  may  set  it  loose  lo 
prey  for  itself;  starve  it  in  its  infancy,  and  its  growth  and  strength  will 
be  stunted,  and  it  may  lead  a  wretched  and  hungry  life. 

Even  in  soils,  then,  and  situations,  which  are  capable  of  yielding  to 
the  plant  every  thing  it  may  require  (or  its  ordinary  growth,  it  is  an  im- 
portant object  of  the  art  of  husbandry  to  discover  what  substances  are 
especially  meeeasary  or  grateful  to  particular  crops,  and  to  apply  these 
directly,  and  in  abundance,  to  ihe  new-born  plant, — in  order  tfial  it  may 
acquire  sufficient  strength  lobe  able  lo  avail  itself  in  the  greatest  degree 
of  the  stores  of  food  which  lie  within  its  reach. 

Concluding  observations  regarding  Ike  organic  constitTients  of  plants. 

We  have  now  considered  the  most  important  of  those  questions  con- 
nected with  Ihe  organic  elements  of  plants,  which  are  directly  interesting 
to  the  practical  agriculturist.     We  have  seen — 

1°.  That  all  vegetable  productions  consist  of  two  parts — one  the  or- 
ganic part,  which  is  capable  of  being  burned  awaj'  in  the  air — the  other, 
the  inorganic  part,  which  remains  behind  in  ihe  lorm  of  ash. 

3°.  That  this  organic  part  consists  of  carbon,  hydrogen,  oxygen,  and 
nitrogen  only. 

3°.  That  plants  derive  the  greater  part  of  their  carbon  from  carbonic 
acid,  of  (heir  hydrogen  and  oxygen  from  water,  and  of  their  nitrogen 
from  ammonia  and  nitric  acid. 

4°.  That  by  far  the  largest  portion  of  i  hose  substances  which  form 
■the  principal  mass  of  plants,  such  as  starch  and  woody  fibre,  consists  of 
carbon  united  to  oxygen  and  hydrogen  in  the  proportions  in  which  they 
more  Ihan  half  the  qgnnlllj-,  which  in  consequence  or  the  presence  andselion  ofihe  niuaie 
teofaodaondlkBTdtrnieai 
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tiXist  in  water, — or,  in  other  words,  may  be  represeoted  by  carbon  and 
*alei  in  various  proportions. 

5°.  Thai  the  food  on  which  they  live  enters  by  the  roots  and  leaves 
oF plants, — that  the  leaves,  under  the  influence  of  the  sun,  decompose 
the  carbonic  acid,  give  off  its  oxygen,  and  retain  its  carbon, — and  that 
this  carbon,  uniting  with  the  elements  of  water  io  the  sap,  forms  those 
several  cotripounds  of  which  plants  chiefly  consist. 

6°.  That  the  supply  of  carbonic  acid  m  ths  atmosphere  is  kept  up 
partly  by  the  respiraiion  of  animals,  partly  by  the  natural  decay  of  dead 
vegetable  matter,  and  partly  by  combustion.  That  ammonia  is  sup- 
plied to  plants  chiefly  by  the  natural  decay  of  animal  and  vegetable 
substances — and  nitric  acid  partly  by  the  natural  oxidation  of  dead  or- 
ganic matter,  and  partly  by  the  direct  union  of  oxygen  and  nitrogen, 
through  ibe  agency  of  the  atmospheric  electricity. 

7°  That  while  both  ot  these  compouniis  yield  nitrogen  to  plants,  they 
ea(,h  exhibit  a  special  action  on  vegetable  life,  in  virtue  of  ihe  hydrogen 
and  osygen  ihey  respectively  contain — and  exercise  also  a  so-called 
stiinuiihng  power  by  which  plants  are  iodut.ed  or  enabled  to  appro- 
priate to  thom'.eh  es,  fconi  other  natural  sources,  a  larger  porllon  of 
all  Iheir  consutuent  elements  than  they  could  otherwise  obtain  or 
as>umi1ate 

In  illuiirating  these  several  points  tt  has  been  necessary  to  enter  oc- 
casionally into  details  which,  to  those  who  have  heard  or  may  read  only 
the  later  lectures,  may  not  be  altogether  intelligible.  I  am  not  aware, 
however,  of  having  introduced  any  thing  of  which  the  full  sense  will 
not  appear  on  a  reference  to  the  siateinent  by  which  it  is  preceded. 

We  ate  now  to  consider  the  inirrganic  consutuents  of  plants, — their  na- 
ture,— the  source  (the  soil)  from  which  they  are  derived. — their  uses  in 
the  vegetable  and  animal  economy, — how  the  supply  of  these  substan- 
ces is  kept  up  in  nature, — and  bow,  in  practical  husbandry,  the  want  of 
them  may  be  at  once  efficaciously  tmd  economically  supplied  hy  art. 
This  division  of  our  subject,  though  refluiring  a  previous  knowledge  of  the 
principles  discussed  in  the  foregoing  lectures,  will  be  more  essentially 
of  a  practical  nature,  and  will  lead  us  to  consider  and  illustrate  the 
great  leading  principle  by  which  ihe  practical  agriculturist  ought  to  be 
guided  in  the  cultivation  and  improvement  of  his  land 

We  shall  here  also  find  much  light  tlirown  upon  our  path  by  the 
results  of  geological  inquiry  ;  and  it  is  in  the  considerations  I  am. now 
about  to  bring  before  you,  that  I  shall  have  to  direct  your  attention  most 
especially  to  the  principal  applications  of  Geology  to  Agriculture. 
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LECTURE  IX. 


wbicti  eiiBLB  (n  dllt^rsnl  species,— i^tare  and  praperties  oCltie  severaUoorganla  elemen 
aif  bodiea  found  In  plaals. 

The  con  side  ralion  of  the  mdrganie  eonaliluents  of  plants  ia  no  less 
important  to  the  art  of  culture  than  the  study  of  their  organic  elements, 
■which  has  engaged  our  sole  attention  in  the  preceding  pact  of  these  lec- 

It  has  already  been  shown  that  when  vegetable  substances  are  heated 
to  redness  in  the  air,  the  whole  of  the  so-called  organic  elements — car 
bon,  hydrogen,  oxygen,  and  nitrogen — are  burned  away  and  disappear  ; 
while  there  remains  behind  a  fixed  portion,  commonly  called  the  ash, 
which  does  not  burn,  and  which  ia  most  cases  undergoes  no  diminution 
when  exposed  to  a  red  heat.  This  ash  constitutes  the  inorganic  portion 
of  plants. 

The  organic  or  combustible  part  of  plants  constitutes,  in  general, 
from  88  to  99  pec  cent,  of  their  whole  weight,  even  after  they  are  dried. 
Hence  the  quantity  of  ash  left  hy  vegetable  substances  in  the  green 
state  is  ofieo  exceedingly  small.  It  therefore  long  appeared  to  many, 
that  the  inorganic  matter  could  be  of  no  essential  or  vital  consequence 
to  the  plant — that  being,  without  doubt,  derived  from  the  soil,  it  was 
only  accidentally  present, — and  that  it  might  or  might  not  be  contained 
in  the  juices  and  solid  parts  of  the  living  vegetable,  without  materially 
affecting  either  its  growth  or  its  luxuriance. 

Were  this  the  case,  however,  iheqoantity  and  quality  of  the  ash  left  by 
the  same  plant  should  vary  with  the  soil  in  which  it  grew.  If  one  soil 
contained  much  lime,  another  much  magnesia,  and  a  third  much  potash, 
whatever  plant  was  grown  upon  these  several  soils  should  also  contain 
in  greatest  abundance  the  lime,  tbe  magnesia,  or  the  potash,  which 
abounded  in  each  locality — and  the  nature,  at  least,  of  the  ash,  if  not 
its  proportion,  should  he  nearly  the  same  in  every  kind  of  plant  which 
is  grown  upon  the  same  soil. 

Careful  and  repeated  experiments,  however,  have  shown — 

1°.  That  on  whatever  soil  a  plant  is  grown,  if  it  shoots  up  in  a 
healthy  manner  and  fairly  ripens  its  seed,  the  quantity  and  quality  of 
the  ash  is  nearly  the  same ;  and 

9°.  That  though  grown  on  the  same  soil,  the  quantity  and  quality  of 
the  ash  left  by  no  two  species  of  plants  is  the  same — and  that  the  ash 
differs  the  more  widely  in  these  respects,  the  more  remote  the  natural 
afKoities  of  the  several  plants  from  which  it  may  have  been  derived. 

Hence  (here  is  no  longer  any  doubt  that  the  inorganic  constituents 
contained  in  the  ash  ate  really  essential  parts  of  the  substance  of  plants, 
— that  they  cannot  live  a  healthy  life  or  perfect  all  their  parts  without 
them, — and  that  it  is  as  much  the  duty  of  the  husbandman  to  supply 
these  inorganic  substances  when  they  are  wanting  in  the  soil,  as  it  has 
always  been  considered  his  peculiar  care  to  place  within  the  reach  of 
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the  growing  plant  those  decaying  vegetable  matters  which  are  most 
likely  to  supply  it  with  organic  food. 

For  ihe  full  esiablishment  of  this  fnct,  we  are  indebted  to  Sprengel. 
Others,  as  Do  Sauasure,  have  published  many  important  and  very  use- 
ful analyses  of  the  inorganic  matters  left  by  plama,  bol  for  ihe  illusira- 
mporiant  practical  bearing  of  this  knowledge  of  their  inor- 
tuenls  on  the  ordinary  processes  of  agriculiure,  we  are,  I 
believe,  in  a  great  measure  indebted  to  the  wrilings  and  numerous  ana- 
lytical researches  of  Sprengel. 

It  is  difficult  10  conceive  the  estent  to  which  the  admission  of  the  es- 
senual  nature  and  constant  quality  of  the  inorganic  matter  contained  in 
plants,  must  necessarily  modi^  our  notions  and  regutato  our  practice  in 
every  branch  of  agrieollure.  It  establishes  a  clear  relation  between  the 
kind  and  quality  of  the  crop,  and  the  nature  and  chenjical  composition 
of  the  soil  in  which  it  grows — it  demonstrates  what  soils  ought  to  con- 
lain,  and,  therefore,  how  they  are  to  be  improved — it  explains  the  effect 
of  some  manures  in  permanently  fertilizing,  and  of  some  crops  in  per- 
manently impoverishing  the  soil — it  illustrates  the  action  of  mineral 
substances  upon  the  plant,  and  shows  how  it  may  be,  and  really  is,  in  a 
certain  measure,  /ei^  by  the  dead  earth  r — over  nearly  all  the  operations 
of  agriculture,  indeed,  it  throws  a  new  and  unexpected  light.  Of  this,  I 
am  confident,  you  will  be  fully  satisfied  when  I  shall  have  discussed  the 
various  topics  I  am  to  bring  before  you  in  the  present  part  of  my  lectures. 

§  1.   Of  Hie  rdalive  proportions  of  inorganic  matter  in  different 

vegetable  substances. 

As  above  staled,  llie  inorganic  matter  contained  in  different  vegetable 

productions  varies  from  1  lo  12  per  cent,  of  their  whole  weight.     The 

following  table  eihihils  the  weight  of  ash  left  by  100  lbs.  of  the  more 

'■'     ■    ■■      '    Its — according  to  the  anal^es  of   Sprengel 


Wheat 


1'18  lbs. 
Kye  .  .  .  1-04 
Barley  .  .  2'35 
Do.  dried  at  212, 2-53  J". 
Oats  .  .  .  2-58 
Field  Beans  .  2-14 
Peas     .    2-46 


Wheat 
Oats      . 

Rye      . 


Do."   white    '. 

Parsnip .     .     . 
Leaf  of  Potato 


Red  Clover  . 
White  Clover 
Rye  Grass  .     . 


,'ihe°urnib  leaf^,  the  < 
a|e  leaf  iS  per  cent. 


0-83  lbs. 
0-63 
0'8    J. 


10'42 
15-76 
7-5-5 


9-55  lbs 

7-49 

9-13 
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In  the  parts  of  trees  dried  in  the  air  ibere  are  found  of  inorganic 

Wood.      LeiTes.  Wood.         Leavea 

In  the  Elm       .     .     1'86       11-8     |  In  the  Oak      .     .     0-21         4-5 
"Willow      .     0-45         8-23  Birch    .     .     0-34         5-0 

Po[>lar  .     .     1-97         9'22  Pitch  pine      0-25         3'15 

Beech    .     .     0-36         6-69  |  Comni.furzeO-es         S'l  J. 

In  looking  at  the  preceding  tables,  you  cannot  fail  to  be  struck  with 
one  or  two  points,  which  they  place  in  a  veiy  clear  light. 

1°.  That  the  quantity  Of  inorganic  matter  eontamed  in  the  same 
weight  of  the  diflereat  crops  we  raise,  or  of  the  different  kinds  of  vegeta- 
ble food  we  eat,  or  with  which  our  cattle  are  fed,  is  very  unlike.  Thus 
100  lbs.  of  barley,  or  oats,  or  peas,  contain  twice  as  ranch  inorganic 
(earthy  and  saline  matter,  that  is,)  as  an  equal  weight  of  wheat  or  rye — 
and  the  same  is  ihe  case  with  lucerne  and  white  clovfir  hays,  compared 
with  the  hay  of  rye  grass. 

2°.  The  quantity  contained  in  different  parts  of  the  same  plant  is 
equally  unlike.  Thus  100  lbs.  of  the  grain  of  wheat  leave  only  ]  +  Ihs. 
of  ash,  while  100  lbs.  of  wheat  straw  leave  3ilhs.  So  the  dry  bulb  of 
the'  turnip  gives  only  7  per  cent.,  while  the  dry  leaf  leaves  13  per  cent, 
of  ash  when  it  is  burned.  The  dry  leaves  of  the  parsnip  also  contain 
nearly  16  per  cent.,  though  in  its  root,  when  sliced  and  dried  in  the  air, 
there  are  only  4J  per  ceni.  of  inorganic  matter. 

In  trees  the  same  fact  is  observed.  The  wood  of  the  elm  contains 
less  than  2  per  cent.,  while  its  leaves  contain  nearly  19  per  cent. ; — the 
wood  of  the  oak  leaves  only  Jth  of  a  per  cent.,  while  from  ils  leaves  4J 
per  cent,  or  22  limes  as  much  are  obtained.  The  leaves  of  the  willow 
and  of  the  beech  also  contain  about  twenty  times  as  much  as  the  wood 
of  these  trees  does,  when  it  has  been  dried  under  the  same  conditions. 

These  differences  cannot  be  the  result  of  accident.  They  are  con- 
stant on  every  soil,  and  in  every  cliinale ;  they  must,  therefore,  have 
their  origin  in  some  natural  law.  Plants  of  different  species  must 
draw  from  the  soil  that  proportion  of  inorganic  matter  which  is  adapted 
lo  the  constitution,  and  is  fitted  lo  supply  the  wants  of  each ; — while  of 
that  which  has  been  admitted  by  the  roots  into  the  general  circulation 
of  the  plant,  so  much  iriust  proceed  lo  and  be  appropriated  by  each  part 
as  is  suited  lo  the  functions  it  is  destined  to  discharge.  And  as  from 
tlie  same  soil  different  plants  select  different  quantities  of  saline  and 
eanhy  matter,  so  from  Ihe  same  cummon  sap  do  the  ^lark,  the  leaf,  the 
wood,  and  ihe  seed,  select  and  retain  that  proportion  which  the  healthy 
growth  and  developemenl  of  each  requires.  It  is  with  the  inorganic,  as 
wi(h  the  organic  food  of  plants.  Some  draw  more  from  tlie  soil,  some 
less,  and  of  that  which  circulates  in  the  sap,  only  a  small  portion  is  ex- 
pended in  the  production  of  the  flower,  though  much  is  employed  in 
forming  the  stem  and  the  leaves.  On  the  subject  of  tlie  present  section, 
I  shall  add  two  other  observations. 

1°,  From  the  constant  presence  of  this  inorganic  matter  in  plants,  and 
from  its  being  always  found  in  nearly  the  same  proportion  in  the  same 
species  of  plants, — a  doubt  can  hardly  reiTiain  that  it  is  an  essential  pan 
of  ihcir  substance,  and  that  they  cannot  live  and  thrive  without  it.  But 
that  it  reajly  is  so,  is  placed  beyond  a  doubt,  by  the  fuilher  experinien 
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Ia\  fact,  that  if  a  healthy  young  plant  be  placed  in  circum stances  where 
it  cannot  obtain  this  inorganic  matter,  it  droops,  pinea,  and  dies. 

2".  But  if  it  be  really  essential  to  their  growth,  ibis  inorganic  matter 
must  be  conadered  as  part  of  the  food  of  plants ;  and  we  may  as  cor- 
rectly speak  of  feeding  or  supplying  food  to  plants,  when  we  add  eanhy 
and  miiieral  substances  to  the  soil,  as  when  we  mis  with  it  a  supply  of 
rich  compost,  or  of  well  fermented  farm-yard  manure. 

I  introduce  this  observation  for  the  purpose  of  correcting  an  erroneous 
impression  entertained  by  many  practical  men  in  regard  to  the  way  in 
which  mineral  substances  act  when  applied  to  the  soil.  By  the  term 
manure  they  generally  designate  such  substances  as  they  believe  to  be 
capable  o\  feeding  the  plant,  and  hence  reject  mineral  substances,  such 
as  gypsum,  nitrate  of  soda,  and  generally  lime,  from  the  list  of  manures 
properly  so  called.  And  as  the  influence  of  these  substances  on  vegeia- 
tion  is  undisputed,  they  are  not  unfrequently  considered  asstimulantnoaly. 

Yet  if,  as  I  believe,  the  use  of  a  wrong  term  is  ofien  connected 
with  the  prevalence  of  a  wrong  opinion,  and  may  lead  \o  grave  errors 
in  practice, — I  may  be  permitted  to  press  upou  your  consideration 
the  fact  above  stated — I  may  almost  say  demonstrated — that  plants 
do  feed  upon  dead  unorganized  mineral  nialler,  and  that  you  are,  there- 
fore, really  manuring  your  soU,  and  permanently  improving  it,  when 
you  add  to  it  such  substances  ofaproper  kind. 

5  2.   0/  Ike  kind  of  inorganic  mailer  found  mplants. 

I  have  said  above,  of  a  proper  kind — for  it  is  not  a  matier  of  indiffer- 
ence to  a  plant,  what  liitid  of  earthy  or  saline  matier  it  lakes  in  by  its 
roots.  Each  species  of  plant,  we  have  seen,  withdraws  from  the  soil  a 
quantity  of  inorganic  matter,  which  is  peculiar  to  itself,  and  which,  as  a 
whole,  is  nearly  constant. 

So  also  each  species,  in  selecting  for  itself  a  nearly  constant  weight 
of  inorganic  mailer,  while  it  chooses  generally  the  same-kind  of  saline 
and  earthy  ingredients  as  other  plants  do,  to  make  up  this  weight,  yet 
picks  them  out  in  proportions  peadiar  to  itself.  Thus  for  example,  lime 
is  present  in  the  ash  of  nearly  all  plants,  but  while  100  lbs.  of  the  asli 
of  wheat  contain  8  pounds  of  lime,  the  same  weight  of  the  ash  of  barley 
couttuns  only  4^  lbs.  So  also  potash  is  contained  in  the  ash  of  most 
plants  grown  for  food,  but  in  the  ash  of  the  turnip,  there  are  37^  per 
cent,  of  potash,  while  in  that  of  wheal  there  areonly  19per  cent.  Again, 
in  different  parts  of  the  same  plant,  a  like  dlBerence  prevails.  The  asli 
of  the  turnip  bulb  contains  16i  per  cent,  of  soda, — that  of  the  leaf,  iittio 
"" "  -e  than  12  per  cent.     On  the  other  hand,  the  iime  in  that  from  tJie 


bulb  constitutes  less  than  12  per  cent,  of  its  weight,  while  in  that  of  the 
leaf  itpmounts  lo  upwards  of  34  per  cent. 

These  relative  proportions  among  thediffereni  kinds  of  inorganic  mat- 
ter contained  in  the  ash  of  plants — like  the  whole  weight  itself  of  the 
ash — is  nearly  consiani  in  the  same  species,  and  in  the  same  part  of  a 
plant,  when  it  is  grown  in  a  propitious  soil.  It  is  not,  iherefiire,  as  I  have 
already  said,  a  mailer  of  indifference  lo  the  living  vegetable,  wheihor 
it  meets  with  this  or  wilh  that  kind  of  inorganic  matier  In  the  laud  on 
which  it  grows — whether  its  roots  are  supplied  wllii  lime,  or  wilh  jjolash. 
™  "ilh  soda.     The  soil  iiiu-sf  contain  all  these  substances,  and  in  s'wk 
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quantity  as  easily  to  yield  to  Ihecrop  so  mudi  of  each  as  the  kind  of  plant 
specially  requires.  And  if  one  of  these  necessary  inorganic  forms  of 
matter  be  rare  or  wholly  absent,  Ihe  ca:op  will  as  ceriainly  prove  sickly 
or  entirely  fail,  as  if  the  organic  food  supplied  by  the  vegetable  matter 
of  the  soil  were  wholly  withdrawn.  It  is,  therefore,  as  much  the  end  of 
an  enlightened  agricultural  pracUce  lo  provide  for  the  various  require- 
ments of  each  crop  in  regard  lo  inorganic  food,  as  it  is  to  endeavour  to 
enrich  the  land  with  purely  vegetable  substances. 

Since,  also,  as  above  shown,  not  only  the  relative  quantity  of  inor- 
ganic matter,  but  its  kind  or  quality,  likewise,  is  different  in  ditftreiit 
plants,— il  may  be,  that  a  soil  on  which  one  crop  cannot  attain  to  Kia- 
lurity  may  yet  surely  and  completely  ripen  another — a  fact  whict  is 
proved  by  every-day  experience.  Tbe  soil,  which  is  unable  to  supply 
with  sufficient  speed  all  the  lime  or  the  potash  required  for  one  crop, 
may  yeE  easily  meet  the  demands  of  another,  and  afibrd  an  ample  re- 
turn to  tbe  husbandman  when  the  time  of  harvest  comes.* 

On  the  other  band,  this  consoling,  at  once,  and  stimulating  reflection 
most  arise  in  tlie  mind  of  the  practical  agriculturist  from  the  considera- 
tion of  the  above  fads — that  if  the  soil  contain  all  the  inorganic  subsian- 
cea  required  by  plants,  and  in  sufficient  quantity,  it  will  grow,  if  rightly 
tilled,  any  crop  which  is  suited  to  the  climate, — or  conversely  to  make 
it  capable  of  growing  any  crap,  he  has  only — along  with  hia  usual  sup- 
plies of  animal  or  vegetable  matter — to  add  in  proper  quantity  these  in- 
organic substances  also. 

Here  a  crowd  of  queations  cannot  fall  lo  start  up  in  your  minds.  You 
will  aak,  for  example, 

1°.  What  are  the  several  inorganic  substances  usually  present  in 
cultivated  plants,  and  what  (heir  respective  proporliona  ? 

2°.  Winch  of  them  are  most  generally  present  in  the  soil  ? 

3°.  In  what  jbrm  can  those  which  are  less  abundant  be  added  most 
easily,  most  advantageously,  and  most  economically  7 

We  shall  consider  in  succession  these,  and  along  with  (hem  other 


u  partflr    Anj  oLhar  troa  may  ba  Dratted  oa  il, 

,  ..^, fcinfl  of  looraiuilo  maUersln  nearly  the  sams 

pnniorlloD.  Tlda  la  Itie  cue  genanHy  wlUl  iBrielias  oflha  aams  Bpeciea—niDre  rarely 
wUh  tiesi  or  pluilB  or  diSbrsiU  ipeeles— and  Isaat  Aregiunlly  wUh  mcli  as  belani  to  dia^r- 
ent  ganaia.  Ttie  lemon  may  ba  grened  on  lbs  orsnie,  bscatiie  the  sap  of  the'lalter  con- 
Ulna  all  Uie«KrUiy  ar"  —' ' '- -■      -■ 

In  aufDdent  quaoiHy 

lipeo  Ihilton  ^eeamestoi^K — Decause  tneae  JIUJI9  r^ulre  c 

thti  oraotfe  cares  to  extract  from  {be  soli,  or  In  greater  qua 

Imve  Been  Id  our  preiioUB  lEoIurcs,  hgw  tbs  sugar  of  uie  fig 

end  the  oitrio  acid  of  tlie  lemon,  may  all  be  produoed  bym..^_  ^ .__. 

lalD  all  Ihatlhs  tree  or  crop  leqolns,  the  tree  muat  bIouIt  perish,— tbe  orop  cannot  yl«]ll  n 
profitable  retDtn.  Bo  U Is  b  enlllDg.  7naiap^a«H(iia(n»Utcn>(ai«aliaalEAs«^q/Ied 
oudaraAoot  requires  in  svery  stage  qf  it*  gfoam.  Or  lo  recur  to  our  Ibrpier  DJustrallon — 
ir  Iho  potash  or  lime  raqnlred  by  ths  Jrape  ba  not  iBfesn  nji  and  In  sufficient  qnanllty  ky 
the  root  of  the  oran*e,ltwill  bo  loyaln  to  oraft  the  former  upon  the  laltsr  with  the  hope  of 


'ar;  substances  T' 


§  3.  Of  the  several  elementary  lodies  usually  met  milk  in  the  ask  of  plants 
What  is  understood  by  the  term  element  or  etemenlary  body  among 
chemists  has  already  been  exjilainctl  (Lect,  I,,  p.  22),  as  well  as  i lie 
number  acid  names  of  those  eleaients  with,  whicli  we  are  at  present  ac- 
quainted. 

Of  these  elementary  bodies  we  have  seen  that  the  nrganie  part  nf  plants 
contains  rarely  more  than  fiiur,  namely,  carbon,  hydrogen,  oxygen,  and 
nitrogen,  in  various  proporlions.  In  the  inorganic  part  there  occur  nine 
or  ten  others,  generally  in  connbicaiion,  either  with  oxygen  or  with  one 
another. 

The  names  of  tliese  inorganic  elements  are  as  follow  : 


Cm-flRlNE    . 

Metals 

CHLOBinES. 

Iodine   .     . 

da. 

SULFHUH      . 

do. 

Hydrogen 

SULPH0RETTF,I>  HtBBOGE: 

°yr 

SuLPHTlKic  Acid, 

Phosphorus 

Phosphoric  Acid. 

Potassium  . 

do. 

Potash. 

Chlorine 

SOBIBM    .      . 

Oxygen 

Soda. 

Chlorine 

Chloride  of  Sooitira  on  } 
Common  Salt.           i 

Calciiim     . 

do. 

Chloride  of  Caxchm. 

Oxygen  Lime. 

Magnesium  do.  Magnesia. 

Aluminium  do.  Alumina. 

Silicon       .  do.  Siwca. 

Iron  and        )         do.  <  Oxibes. 

Manganese  ^      Sulphur         J  Sclphurets. 
Other  elementary  bodies,  chiefly  metallic,  occurin  some  plants — occa- 
sionally, and  in  very  small  quantily, — hul.  so  far  as  is  yet  known,  they  do 
not  appear  to  be  either  necessajy  lo  their  growth,  or  !o  exercise  any  ma- 
terial influence  on  (he  general  vegelalion  of  the  globe. 

Of  all  the  above  elemeni^ary  bodies  it  may  be  said,  generally, 
1°.  That  with  the  exception  of  8ulph(ir,t  ihey  are  not  known  lo  pxisi 
or  to  be  evolved,  in  any  quantity,  anywhere  on  the  surfnce  of  the  globe, 
in  iheir  simple,  elementary,  or  uncombined  stale;  and  ihal,  therefore, 
in  this  state  they  in  no  way  affect  the  progress  of  vegelable  growth,  or 
require  lo  occupy  the  attention  of  ilie  practical  agriculturist. 

2°.  Tbey  all.  however,  exist  in  nature  more  tor  less  abundantly  in  a 
Slate  of  combination  with  other  substances,  and  chiefly  with  oxygen,  [for 
an  explanation  of  the  meaning  and  of  the  lawsof  chetiiical  combination, 
see  Lecture  IL,  p.  321 — but  in  no  state  of  combination  are  they  Itaown 
to  be  generally  difliiseil  through  the  atmosphere  of  the  globe,  so  as  to  be 

-  Called iilsiiHyc)ni.su1pburlcAcid, 
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capable  of  entering  plants  by  iheir  leaves  or  other  superior  parts.  They 
must  all,  therefore,  enter  by  the  roots  of  planla, — must  consequently  ex- 
ist ill  the  land, — and  must  all  be  necessary  consiiluenta  of  thai  soil  in 
which  the  plants  thai  contain  (hem  grow. 

It  will  not  be  uecesBury,  therelbre,  to  consider  so  much  the  relative 
proportions  in  which  these  elementary  bodies  themselves  exist  in  plants, 
as  that  of  the  several  chemical  compounds  which  iliey  form  with  oxy- 
gen, or  with  oSe  another — in  which  stales  of  combination  they  exist  in 
the  soil,  and  are  found  ia  the  circulatioa  and  substance  of  the  plant.  As 
a  pteliraiuary  to  this  inquiry,  however,  it  will  be  proper  lo  lay  before 
you  a  brief  outline  of  the  nature  and  properties  of  these  compound 
bodies  themselves — and  of  the  direct  influence  they  have  been  found  to 
exercise  upon  vegetable  life. 

§  4.   Of  those  compowtuls  of  Ike  jnorganic  elements  which  enter  directly  into 
the  circidadon,  or  exist  in  the  substance  and  ask  of  plants. 

Chlorine. — If  a  mixture  of  common  salt  and  black  oxide  of  maoga- 
[sold  by  this  name  in  the  shops]   be  .put  into  a  flask  or  bottle  of 
(lass        '      '   '      •■"■■-'•■---■  '  ■- 


i,  and  sulphuric  acid  (oil  of  vitriol)  be  poured  uponil 
gas  of  a  greenish-yellow  colour  will  be  given  off,  and  will  gradually  fill 
tiie  bottle.     This  gas  is  distinguished  by  the  name  o(cklorine. 

It  is  readily  distinguished  from  all  other  substances  by  its  greenish- 
yellow  colour,  and  its  pungent  disagreeable  fimell.  It  extinguishes  a 
lighted  taper,  but  phosphorus,  gold  leaf,  metallic  potassium  aod  sodium, 
and  many  other  metals,  lake  fire  in  it  and  burn  of  iheir  own  accord.  It 
is  nearly  4i  times  heavier  than  common  air,  and  therefore  may  be 
readily  poured  from  one  vessel  to  another.  Water  absorbs  twice  its 
own  bulk  of  the  gas,  acquiring  its  colour,  smell,  and  disagreeable  astrin- 
gent laste. 

Animals  cannot  breathe  it  without  suflbcation — and,  when  unmixed 
with  air,  it  speedily  kills  all  living  vegetables.  The  solution  of  chlorine 
in  water  was  found  by  Davy  to  promote  the  germination  of  seeds. 

It  does  not  exist,  and  is  rarely  evolved,  [see  Lecture  V.,  p.  94,]  in 
naiore  in  a  freeor  uncorabined  state,  and  therefore  is  not  known  to  ex- 
ercise any  direct  action  upon  the  general  vegetation  of  the  globe.  It 
exists  largely,  however,  in  common  salt  (chloride  of  sodium),  every  100 
lbs.  of  this  substance  contaiaing  upwards  of  60  tbs.  of  chlorine.  Indi- 
rectly, therefore,  it  may  be  supposed  (o  influence,  in  some  degree,  the 
growth  of  plants,  where  common  salt  exists  natur^ly  in  the  soil,  or  is 
artificially  applied  in  any  form  to  the  land. 

MuriaUc  add,  the  spirit  of  salt  of  tlie  shops,  consists  of  chlorine  in 
combination  with  hydrogen.  It  is  a  gas  at  the  ordinary  temperature  of 
the  atmosphere,  but  water  absorbs  between  400  and  500  limes  its  bulk 
of  il,  and  the  acid  of  the  shops  is  such  a  solution  in  water,  of  greater  or 

Muriatic  acid  has  an  exceedingly  sour  lasle,  corrodes  the  skin,  and  in 
its  undiluted  stale  is  poisonous  both  lo  animals  and  plants.  It  dissolves 
common  pearl  ash,  soda,  magnesia,  and  limestone,  with  effervescence  ; 
and  readily  dissolves  also,  and  combines  with,  many  earthy  substances 
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When  applied  lo  living  vegetables  in  Ihe  slate  of  an  exceedingly  di 
lute  solution  in  water,  it  has  been  supposed  upon  some,  soils,  and  in 
some  circumstaiieea,  to  be  favourable  lo  vegelaiion.  Long  experience, 
however,  on  the  banks  of  the  Tyae,  and  elsewhere,  in  ibe  neighbour- 
hood of  (he  so-called  alkali*  works,  has  proved  that  in  the  slate  of  va- 
pour its  repeated  application,  even  when  diluted  with  much  air,  is  in 
many  cases  fatal  to  vegetable  life. 

Poured  in  a.  liquid  state  opon  fallow  land,  or  land  preparing  tor  a 
crop,  it  may  assist  the  growth  of  the  future  grain,  by  previously  forming, 
with  the  ingredieuts  of  the  soil,  some  of  those  compounds  which  have 
been  occasionally  applied  as  manures,  and  which  we  shall  consider 
hereafter. 

Chlorine  is  represented  by  CI,  and  muriatic  acid  by  HCl. 

Iodine  ia  a  solid  substance  of  a  !ead  grey  colour,  which,  when  heated, 
is  converted  iulo  a  beautiful  violet  vapour.  It  exists  in  combinailon 
chiefly  with  sodium,  as  Iodide  of  Sodium,  in  sea  water  and  in  marine 
plants ;  but  it  has  not  hitliertx)  been  detected  in  any  of  the  crops  usually 
raised  for  food. 

Like  chlorine,  it  is  poisonous  both  to  animals  and  plants.;  and  waa 
(bund  by  Davy  lo  assist  and  hasten  germination.  It  may  possibly  exert 
some  hitherto  unobserved  influence  upon  vegelaiinn,  when  it  is  applied 
lo  the  soil  in  districts  where ^a-ware  is  largely  collecied  and  employed 

Iodine  is  slightly  soluble  in  water,  and  this  solution  has  been  men- 
tioned in  a  previous  lecture  (VL,  p.  107),  as  affording  a  ready  means 
of  detecting  siareh   by  the   beautiful   blue  colour  it  gives  with  ihis  sub- 


1°.  Sulphur  is  a  substance  loo  well  known  to  require  any  detailed 
description.  In  an  uncooibined  stale  ii^ccurs  chiefly  in  volcanic  coun- 
tries, but  it  may  sometimes  be  observed  in  the  form  of  a  ihin  pellicle  on 
the  surface  of  stagnant  waters — or  of  mineral  springs,  which  ate  natu- 
rally chargeil  with  sulphurous  vapours.  lu  this  state  it  is  not  known 
materially  to  iufluenee  the  natural  vegetation  in  any  pari  of  ihe  globe. 
It  has,  however,  been  employed  with  some  advantage  io  Germany  aa  a 
top-dressing  for  ciover  and  other  crops  to  which  gypsum  in  that  country 
is  cenerally  applied.  The  mode  in  which  it  may  be  supposed  lo  act 
will  b^  considered  hereafter.* 

2°.  SidpkuTous  acid, — When  sulphur  is  burned  in  the  air  it  gives  off 
agaaeous  substance  in  the  furmof  white  fumesof  a  well  known  intensely 
suffocating  odour.     These  fumes  consist  of  a  combiuation  of  the  sulphur 
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o  chemists  by  the  name  of  sutphurous  acid.  Thie  compound  is  des- 
tructive to  ammal  and  vegetable  life,  but  aa  it  is  Dot  known  lobe  diteciiy 
formed  to  any  extent  in  nature,  except  in  the  neighbourhood  of  active 
volcanoes,  it  probably  exercises  no  extensive  influence  on  the  general 
vegetation  of  the  globe. 

This  gas  possesses  the  curious  propertyof  bleaching  many  animal  and 
vegetable  substances.  Wool  and  straw  for  plaiting  are  bleached  to  an 
almost  perfect  whiteness — when  ihey  are  suspended  in  a  veasei  or  room 
into  which  a  plate  of  burning  sulphur  has  been  introduced.  Gardeners 
sometimes  amuse  themselves  also  in  bleaching  roses  and  other  red 
flowers,  by holdingthemoveraburningsulphur  match.  Someshades  of 
red  resist  this  action  more  or  less  perfectly,  and  the  coloorofiliebleacliod 
flowers  may  often  be  restored — by  dipping  them  in  a  dilute  solution  of 
carbonate  of  soda,  or  by  holding  them  over  a  bottle  of  hartshorn  (liquid 

3.  Swlpkmic  acid. — This  is  the  name  by  which  ehemista  distinguish 
ihe  oil  of  vitriol  of  the  shops.  It  is  also  a  compound  of  sulphur  and  oxy- 
gen only,  and  is  formed  by  causing  the  fumes  of  sulphur  to  pass  into 
large  leaden  chambers  along  with  certain  other  substances,  from  which 
they  can  obtain  a  further  supply  of  oxygen. 

It  is  met  with  in  ihe  shops  in  the  form  of  an  exceedingly  sour  corrosive 
liquid,  which  decomposes,  chars,  and  destroys  all  animal  and  vegetable 
substances,  and,  except  when  very  diluted,  is  destructive  lo  life  in  every 
form.  It  is  rarely  met  with  in  nature,  in  an  uncorobined  state, — tliough 
according  lo  Bousaingault,  some  of  the  streams  which  issue  from  the 
volcanic  regions  of  the  Andes  are  rendered  sour  by  the  presence  of  a 
quantity  of  this  acid. 

It  combines  with  potash,  soda,  lime,  magnesia,  &c,,  and  forms  sul^ 
pWfs  which  «xist  abundantly  in  nature,  and  have  often  been  benefi- 
cially and  profitably  employed  as  manures. 

Where  iho  soil  contains  lime  or  magnesia,  the  acid  may  often  be  ap- 
plied directly  to  the  land,  in  a  very  dilute  slate,  with  advantage  to  clover 
and  other  similar  crops.  It  has  in  France,  near  Lyons,  been  observed 
10  act  favourably  when  used  in  this  way,  while  in  Germany  it  has  been 
found  better  to  apply  it  to  the  ploughed  land,  previous  to  sowing.  A  few. 
experiments  have  also  been  made  in  this  country  with  partial  success. 
It  is  deserving,  however,  of  a  further  tripl,  and  in  more  varied  circum- 

4°.  Sulphurelted  Hydrogen. — This  gaseous  compound  of  sulphur 
with  hydrogen,  is  almost  unlversaily  known  by  its  unpleasant  smell. 
It  imparts  their  peculiar  taste  and  odour  to  sulphurous  springs,  such  as 
ihiit  of  Harrogate,  and  gives  their  disagreeable  smell  to  rotten  eggs.  It 
is  often  produced  in  marshy  and  stagnant  places,*  and  fish  ponds,  where 

•  This  appears  lo  be  eapcidsll;  the  case  on  (he  coaMa  of  Waslern  Africa,  where  Iho 
hoi  sun  l9  conliniially  beaUna  on  ses  wsler,  often  ehallow,  freoHemly  slaoouil,  mi  alwava 

Tees  tn  this  couDtp,  whi^re  a  sliaKow,  dark  blue,  muiliy,  eainphtro-bearinff  tr^ct  siretchea 
foraevei^  jnilea inland  fiom S^aEon Snook,  Ihe  presence  of  sulpbureEled  hydrogen  maybe 
percelied  bv  the  smell,  when  oil  a  hoi  summer's  day  a  scnlla  alt  shlniB  along  Ihe  edge  of 
Ibe  Blake.  The  favourable  conrtMlooB  are,  a  burains  eun,  a  ?*ry  genlle  air,  eml  each  s  con- 
dillnn  of  Ihe  sea— ihnl  ihose  pans  and  poola  nhkh  are  DDl;  leacheil  by  the  >i>rlnj[  IMes 
(h!>nhavaheeii  several  dayennco-ereJ.  I  ,„...,  C^OCIglc 
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vegetable  matter  is  undergoing  deRaj'  in  the  presence  of  water  contain- 
ing gypsum,  or  oilier  sulphates  ;  and  it  rnay  oecasionaliy  be  detected  by 
the  sense  of  smel!  among  itie  roots  of  the  sod,  in  old  pasture  land,  to 
which  a  top-dressing  is  occasionally  given. 

As  in  the  egg,  so  also  in  other  decaying  animal  ubs  ancea  espe  ially 
■when  the  air  is  io  some  measure  excluded,  this  gas  fb  med  In  pu- 
irified  cow's  mine,  and  in  night  soil,  it  is  presen  n  cons  de  able  quan- 
tity. 

Sulphuretted  hydrogen  is  exceedingly  noxious  o  an  mal  and  vegela- 
ble  life,  when  diflused  in  any  considerable  quan  y  I  ough  he  a  r  by 
which  they  are  surrounded.  The  luxuriance  of  he  e^e  a  on  n  the 
neighbourhood  of  sulphurous  springs,  however,  has  g  ven  eas  n  o  be- 
lieve that  water  impregnated  with  this  gas,  may  ac  n  a  beneficial 
manner  when  it,  is  placed  within  reach  of  the  roo  ofjHns  I  seems 
also  to  he  ascertained  that  natural  or  artificial  wa  s  1  I  I  a  e  a  sul- 
phurous taste,  give  birth  to  a  peculiarly  liisuriant  vegetation,  when  they 
are  employed  in  the  irrigation  of  meadows, — [Sprengel,  Ckemle,  I., 
p.  355.]  ■ 

The  relative  constiluticyi  of  these  three  compounds  of  sulphur  is  thus 
represented  > 


lentedby 


Sulphur 16  S 

Sulphurous  Acid      .     .  32  SO,  2  of  Oxygen 

Sulphuric  Acid   ...  40  SO3  3  of  Oxygen 

Sulphuretted  Hydragen  17  SH  1  of  Hydrogen 


.  Pkosphorits  is  a  solid  substance  of  a  pale  yellow  colour,  and  of  a 
iatence  resembling  that  of  wax.  When  exposed  to  the  air  it  sbwiy 
combines  with  the  oxygen  of  the  atmosphere,  and  burns  away  with  a 
pale  blue  flame  visible  onlj'  in  the  dark.  When  rubbed,  however,  or 
exposed  to  a  slight  elevation  of  temperature,  even  to  the  heat  of  the 
hand,  it  readily  bursts  into  a  brilliant  flame,  emitting  an  intense  light 
accompanied  by  dense  white  vapours.  It  does  not  occur  in  nature  in 
an  uncombined  state,  and  is  not  known  to  be  susceptible  of  any  useful 
application  in  practical  agriculture. 

2°.  Phosphoric  And. — The  white  fumes  given  ofTby  phosphorus,  or 
rather  into  which  it  is  changed,  when  burned  in  the  air  or  in  oxygen 
gas,  consist  of  phosphoric  add.  This  compound  is  solid  and  colourless, 
attracts  moisture  from  the  air  with  great  rapidity,  is  exceedingly  soluble' 
in  water,  has  an  intensely  sour  taste,  and  like  sulphuric  acid  is  capable 
of  corroding  and  destroying  animal  and  vegetable  substances. 

It  does  not  exist  in  nature  in  a  free  state,  and,  therefore,  is  not  dinetly 
influential  upon  vegetation.  It  unites,  however,  with  potash,  soda,  lime, 
&c.,  10  form  compounds,  known  by  the  name  oi  phosphalea.  In  these' 
elates  of  combination,  it  is  almost  universally  diffused  throughout  nature 
—and  appears  to  be  essentially  necessary  to  the  healthy  growth  and 
maturity  of  all  living— certainly  of  all  cultivated  vegetables. 

'  For  the  propeiSes 
equivaleiK  or  — "■"' — 


CARBONATE,  SULPHATE,  OXALATE,  TARTRATE, 


1°.  Carbotiate  of  Polask. — In  countries  where  t 
abound,  it  ia  usual  (o  burn  the  wood  which  cannot  otherwise  be  employ- 
0(1 — as  in  the  clearings  in  Canada  and  the  United  States — tbr  the  pur- 
pose of  collecting  the  ash  which  remains.  This  ash  is  washed  with 
and  tlie  washings  boiled  10  dryness  in  iron  pots.  lu  this  stale  it 
the  pot-ash  of  commerce.  When  this  potash  is  again  dissolved 
ter,  and  ihe  clear  liquid  decanted  and  boiled,  (he  ^eari-aah  of  the 
shops  is  obtained. 

Tliis  pearl-aah  is  an  impure  form  of  the  carbonate  of  potash  of  chem- 
ists. It  readily  dissolves  in  water,  has  a  peculiar  taste — disiinguished 
as  an  aVtaline  laste — and  dissolves  in  viuegar  or  in  diluted  sulphutijc  or 
muriatic  acid,  with  much  effervescence.  The  gas  given  off  during  this 
effervescence  (or  boiling  up)  is  carbonic  acid,  the  same  which,  as  was 
shown  in  a  previous  lecture,  is  obtained  when  a  diluted  acid  is  poured 
upon  ehalk  or  common  limestone. 

This  carbonate  of  potash  has  been  long  known  to  cKercise  a  powerful 
influence  over  the  growth  of  plants. 

The  use  of  wood-ash  as  a  fertilizer  both  of  pasture  and  of  arable  land, 
goes  back  to  tlie  most  remote  antiquity  ;  and  I  ough  the  c  ude  wood-asit 
contains  other  substances  also,  yet  much  of  s  n  ^  a  e  an  I  most  ap- 
parent effect  is  due  to  the  carbonate  of  potash      CO    a    s 

From  what  has  already  been  stated,  at  he  con  encement  of  the 
present  lecture,  in  regard  to  the  presence  of  po  ash  n  he  parts  and 
juices  of  nearly  all  plants,  you  will  already  n  some  n  easure  under- 
stand why  the  carbonate  of  potash  should  be  uset  I  0  vege  at  on,  and — 
since  this  alkali  (potash)  is  present  in  greater  quantity  in  some  than  in 
others — why  it  should  appear  to  he  more  especially  favourable  to  the 
growth  of  one  kind  of  plant  than  of  another. 

In  (his  way,  it  is  explained  why  moss  and  coarse  grasses  are  extirpa- 
ted from  meadows  by  a  sprinkling  of  wood  ashes— and  why  red  clover, 
lucerne,  esparsette,  beans,  peas,  flax,  and  potatoes,  &c.,  are  greatly 
pronioted  in  their  growth  by  a  similar  treatment.  This  substance,  how- 
ever, has  other  functions  10  perform  in  reference  to  vegetation,  besides 
that  of  simply  supplying  the  crop  with  the  potash  it  requires ;  these  func- 
tions I  shall  ©Kplain  more  particularly  hereafter,  when  you  will  perhaps 
be  better  prepared  for  understanding  the  details  into  which  it  will  be  ne- 
cessary to  enter. 

2°.  Polask. — When  12  parts  of  carbonate  of  potash  are  dissolved  in 
water,  and  boiled  with  half  their  weight  of  newly-slaked  quick-lime, 
they  are  gradually  deprived  of  their  carbonic  acid,  and  converted  into 
pure  potash, — or  as  it  is  often  called,  from  its  efTecc  on  animal  and  ve- 
getable substances,  causHc  potash. 

The  caustic  liquid  thus  obtained  decomposes  or  dissolves  most  animal 
and  vegetable  subsiatices,  whether  living  or  dead.  When  applied  to 
the  skin,  unless  it  be  in  a  very  diluted  slate,  it  destroys  it,  and  produces 
a  ])ainful  sore.  Potash  does  not  occur  in  nature  in  this  caustic  or  un- 
combined  stale,  and  is  not  known,  therefore,  to  exercise  any  direct  in- 
fluence upon  natural  vegetation. 

When  wood-ashes  and  quick-lime  are  mixed  together  in  artificial 


composts,  it  is  not  unlikely  tliat  a  portion  of  the  carbonaleof  potash  may 
be  rendered  caustic,  and,  therefore,  be  more  fit  to  act  upon  the  vegetable 
matter  in  contact  with  it — by  rendering  it  soluble  in  water  and  thus  ca- 
pable of  entering  into  the  roots  of  plants.  To  this  point  I  shall  have 
occasion  to  return  hereafter.  In  (he  mean  lime,  it  is  praper  to  remark, 
that  if  pearl-ash  be  mixed,  as  above  prescribed,  with  half  its  weight  of 
quick-lime,  and  then  boiled  with  less  ihan  ten  or  iv>elve  Uities  its  weight 
of  water,  a  part  of  the  potash  only  is  rendered  caustic — ihe  lime  being 
unable  to  deprive  the  pearl-ash  (carbonate  of  potash)  of  its  carbonic 
acid,  unless  it  be  largely  diluted.  Hence,  in  dry  composts,  or  mixtures 
of  ihia  substance  with  quick-lime,  it  is  unlikely  thai  any  large  portion  of 
the  potash  can  be  at  once  brought  to  the  caustic  state.  This  fact  is 
really  of  importance  in  reference  to  the  theory  of  the  conjoined  action  of 
quicK-lime  and  wood  or  pearl-ash,  when  mixed  together  in  artificial  ma- 
nures, and  applied  lo  the  land. 

3°.  Potassium, — When  dry  caustic  potash,  obtained  by  evaporating 
the  caustic  solutbn  above  described,  is  mixed  with  powdered  charcoal 
and  iroa  filings,  and  exposed  to  an  intense  heat  in  an  iron  retort,  it  is  de- 
composed, and  metallic  polassiian  distils  over,  and  is  collected  in  the 
form  of  white  shining  silvery  drops. 

It  was  one  of  the  most  remarkable  discoveries  of  Sir  H.  Davy,  thai 
potash  was  a  compound  substance,  and  consisted  of  this  metal  potassium 
united  to  oxy^n  ^s. 

Potassium  is  remarkable  for  the  strong  tendency  it  possesses  to  unite 
again  with  oxygen  and  re-form  polash.  When  simply  exposed  to  iho 
air,  it  gradually  absorbs  oxygen  fram  the  atmosphere  ;  hiil  if  it  be  heat- 
ed in  (he  air,  it  lakes  fire  and  burns.  When  the  combusiioo  has  ceased, 
a  quantity  of  caustic  potash  remains,  the  weight  of  which  is  nearly  one- 
fifth  greater  than  that  of  (he  potassium  employed.  Ii  even  bursts  into  a 
flame  when  thrown  upon  water,  depriving  that  liquid  of  its  oxygen,  and 
liberating  its  hydrogen, — and  it  was  justly  considered  as  the  most  aston- 
ishing property  of  this  metal,  when  firsi  discovered,  that  it  took  fire 
when  placed  upon  the  coldest  ice.  [For  Ihe  composition  of  water,  see 
Lecture  II.,  p.  36.]  When  thus  burned  in  coniact  with  water,  potash 
is  formed,  as  before,  and  is  found  dissolved  in  the  liquid  when  the  ex- 
periment is  completed. 

4°.  Chlcride  of  Potassium. — This  is  a  compound  of  chlorine  with  po- 
tassium, which,  in  taste,  properties,  and  general  appearance,  has  inuch 
resemblance  (o  common  sail.  It  may  be  formed  by  dissolving  pearl- 
ash. in  dilute  muriatic  acid  (spirit  of  salt)  as  long  as  any  eServescencB 
appears,  and  ailerwards  evaporating  to  dryness.  It  exists  in .  small 
quantity  in  sea  water,  in  the  ash  of  most  plants,  and  frequently  in  the 
soil.  It  is  not  an  article  of  manulacture,  but  is  occasionally  exirscted 
from  kelp,  and  sold  to  the  alum  makers.  Could  it  be  easily  and  cheap- 
ly obtained,  there  is  no  doubt  that  it  might  be  employed  with  advantage 
as  a  manure,  and  especially  in  those  circumstances  in  which  common 
sail  has  been  found  to  promote  vegetation.  The  refuse  of  the  soap-boil- 
ers, where  soap  is  made  from  kelp,  contains  a  considerable  quantity  of 
this  compound.  This  refuse  mi^t  be  obtained  at  a  cheap  rate,  and, 
therefore,  might  be  usefully  collected  and  applied  to  the  land  where 
such  works  are  established. 
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Ti°.  Sulphate  of  Potash.— This  compound  Is  formed  by  adding  pearl- 
aali  to  "dilute  Siilphuric  acid  (oil  of  viliiol)  as  long  as  eiiervescence  ap- 
pears, and  then  evaporating  the  aolulion.  It  is  a  while  saline  sub- 
stance, sparingly  soluble  in  water,  and  has  a  disagreeable  biUerish  taste. 
It  enists  in  considerable  qoanlity  in  wood-ash,  and  in  the  ash  of  nearly 
all  plants,  and  is  one  of  the  most  abundant  impurities  in  the  common 
potash  and  pearl-ash  of  the  shops.  This  sulphate  itself  is  not  an  articlo 
of  extensive  manufacture,  but  it  exbts  in  common  alum  to  the  amount 
of  u  pwards  of  18  per  cent,  of  iis  weight. 

Dissolved  in  100  times  its  weight  of  water,  the  sulphate  of  potash  has 
been  found  to  act  favourably  on  red  clover,  vetches,  beans,  peas,  &c., 
and  part  of  the  effect  of  wood  ashes  on  plants  of  ibis  kind  is  to  be  attri- 
buted to  the  sulphate  of  potash  they  contain.  Turf  ashes  are  also  said 
to'contain  this  salt  in  variable  quantity,  and  to  this  is  ascribed  a  portion 
of  their  efficacy  also  when  applied  lo  the  land, 

6°.  Nitrate  of  Potash,  or  saltpetre,  is  a  well  known  saline  substance, 
of  which  mentii>n  has  already  been  madn  in  the  preceding  lectures.  [See 
p.  56.  and  pp.  L59  to  163.]  It  contains  potash  and  nitric  acid  only,  and 
may  be  readily  formed  by  dissolving  jiearl-ash  in  nitric  acid,  and  eva- 
porating the  soiution.  It  eKists,  and  is  continually  reproduced  in  (he 
soil  of  most  countries,  and  is  well  Unowii  to  exercise  a  remarkable  influ- 
ence in  accelerating  and  increasing  ihe  growth  of  plants. 

7°.  Oxalates  of  Potash. — These  salts  exist  in  the  common  and  wood 
sorrels,  and  ia  moat  of  the  other  more  perfect  plants  in  which  oxalic 
acid  is  known  lo  exist.  [See  pp.  47  and  137.]  The  salt  of  sorrel  is  the 
beat  known  of  these  oxalates.  This  salt  has  an  agreeable  acid  taste, 
and  is  not  so  poisonous  as  the  uncombioed  oxalic  acid. 

When  this  sail  ia  heated  over  a  lamp,  the  oxalic  acid  il  contains  is  de- 
composed, and  carbonate  of  potash  is  obtained.  It  is  supposed  that  a 
great  part  of  the  potash  extracted  from  the  ashes  of  wood  and  of  the 
stems  of  plants  iu  general,  in  the  state  of  carbonate,  existed  as  an  oxa- 
late in  the  living  tree,  and  was  converted  into  carbonate  during  the  com- 
bustion of  the  woody  fibre  and  other  organic  matter.  This  compound, 
therefore,  in  all  probability,  performs  an  important  part  in  the  changes 
which  take  place  in  the  interior  of  plants,  though  its  direct  agency  in 
affecting  their  growth  when  applied  externally  lo  their  roots  has  not 
hitherto  been  distinctly  recognized.  It  is  probably  formed  oecasiooally 
in  farm-yard  manure,  and  in  decaying  urine  and  night-soil,  but  nothing 
very  precise  is  yet  known  on  this  subject. 

8".  Citrates  and  Tartrates  of  Potash. — These  salts  exist  in  many 
fruits.  The  citrates  abound  in  the  orange,  the  lemon,  and  the  lime — 
the  tartrates  in  the  grape.  When  heate3  over  a  lamp,  they  are  decom- 
posed, and  like  the  oxalates  leave  the  potash  in  the  state  of  carbonate. 

In  the  interior  of  plants,  both  potash  and  soda  are  most  frequently 
combined  with  organic  acids  (oxalic,  citric,  tartaric,  &c.,  for  an  ac- 
count of  the  most  abundant  of  which  see  Lecture  VI.,  p.  121,'j  and  ihe 
compounds  thus  formed  are  generally  what  chemists  call  acid  salts — ■ 
that  is  to  say,  they  generally  have  a  distinctly  sour  taste,  redden  vege- 
table blues,  and  contain  much  more  acid  than  is  found  to  exist  in  cer- 
tain other  well  known  compounds  of  the  same  acids  with  potash. 

The  citrates  and  tartrates  are  not  known  to  be  formed  in  nature,  ex- 
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cept  in  the  living  plant,  and  as  ihoy  are  too  expensive  to  be  ever  em- 
ployed as  manures,  it  is  the  less  to  be  regretted  that  few  esperiinents 
have  yel  been  tried  wiili  the  view  of  aaeenaining  iheir  elTecl  upon  vege- 

9°.  Phospkaies  of  Potash, — If  to  a  knowo  weight  of  phosphoric  acid 
(p.  186)  pearl-ash  (carbonate  nf  potash)  be  added  as  long  as  any  eflec- 
vescence  appears,  and  the  solution  be  then  evaporated,  phosphate  of 
potash  is  obtained.  If  to  the  solution  before  evaporation  a  second  por- 
tion of  phosphoric  acid  be  added,  equal  lo  the  first,  and  the  water  be 
then  expelled  by  heal,  w-phosphaU  of  potash  will  remain,  [so  called 
from  his,  twice,  because  il  contains  ttmce  as  irtuch  acid  as  the  former,  or 


'osaks  is  found  in  the  ash  of  nearly  all  plants. 
Whether  or  not  the  elements  of  which  they  consist  esUt  in  this  alaie  of 
combination  in  the  living  plant  will  be  considered  hereafter,  in  the  [nean 
linle  it  may  be  slated  as  certain  that  they  are  of  the  most  vital  impor- 
tance not  only  in  reference  lo  ihe  growfh  of  plants  themselves,  but  also 
to  Ibeir  nutritive  qualities  when  ealen  by  animals  for  food. 

These  phosphates  are  occasionally,  perhaps  very  generally,  present 
in  the  soil  iu  minute  quandties,  and  there  is  ev'ery  reason  to  believe 
that  could  they  be  applied  to  the  land  in  a  sutficiently  economical  form, 
ihey  would  in  many  cases  act  in  a  most  favourable  manner  upon  vege- 
laiiol).  They  are  contained  in  urine  and  other  animal  manures,  and  lo 
their  presence  a  portion  of  ihe  efficacy  of  these  manures  is  lo  be  ascribed. 


.  Chloride  of  Sodium,  common  or  sea  sail,  exists  abundantly  in  sea 
r.  and  is  found  in  many  parts  of  the  earth  in  the  forni  either  of  in* 
n  the  surfaceorof  solid  beds  or  masses  at  considerable  depths. 
The  rock  salt  of  Cheshire  is  a  well  known  example  of  this  latter  mode 


Common  salt  may  also  be  delected  in  nearly  all  soils,  it  is  found  in 
the  ashes  of  all  plants,  but  especially  and  in  large  quantity  in  the  ashes  of 
marine  plants  (kelp),  and  is  sometimes  borne  with  the  spray  of  the  sea  lo 

treat  distances  inland,  when  the  winds  blow  Strang,  and  the  waves  are 
igh  and  brake  n- 
On  some  rocky  shores,  as  on  thai  between  Berwick  and  Dunbar,  the 
spray  may  be  seen  occasionally  moving  up  the  little  coves  and  inlets  in 
the  form  of  a  distinct  mist  driving  before  the  wind,  and  the  sal ino  matter 
has  been  known  lo  traverse  nearly  half  the  breadth  of  the  island  before 
il  was  entirely  deposited  from  the  air. 

It  is  impossible  lo  calculate  how  much  of  the  saline  mailer  of  sea  water 
may  in  ihis  way  be  spread  over  the  surface  of  a  sea-gin  land  like  oura; 
but  two  things  are  certain — that  those  places  which  are  nearer  the  sea 
will  receive  a  greater,  and  those  more  inland  a  lesser,  ponion;  and  that 
those  coasts  on  which  sea  winds  prevail  will  be  more  largely  and  mora 
frequently  vi^ted  than  those  on  which  land  winds  are  more"  commonly 
eKperieDced. 

8  well  known  that  common  salt  has  been  employed  in  all  ages  atid 
-!S  for  the  purpose  of  promoting  vegatation,  and  ii 
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try  perha[)a  id  larger  quantity  or  moro  exleusively  than  in  EnglBiid, 
Tiial  it  has  often  failed  to  betiefit  the  land  in  particulQC  localities,  only 
shows  tiiac  the  soil  Ii.  those  places  already  com ained  anatural  supply  of 
this  compound  large  enough  to  meet  the  wants  of  (he  crops  which  grew 
upon  it.  Tlie  facts  above  staled  as  to  the  icfloenee  of  (he  wind  in  top- 
dressing  the  exposed  coast-line  of  a  country  with  a  solution  of  ealt,  may 
serve  as  an  important  guide  both  in  reference  to  the  places  in  which  it 
may  he  expected  lo  betiefil  the  land,  and  to  the  causes  of  its  failing  to 
do  so  in  particular  distriels. 

2°.  S-ulphaU  of  Soda,  or  Glauber's  salt,  is  usually  manufactured  from 
common  sah  by  pouring  upon  it  diluted  sulphuric  acid  (oil  of  vitriol), 
and  applying  heat.  Muriaiic  acid  (spirit  of  sah,  so  called  by  the  old 
cheinisls,  because  thus  given  off  by  common  sail,)  is  given  off  in  the 
(brm  of  vapour,  and  sulphate  of  soda  remains  behind.  It  may  also  be 
prepared,  though  less  economically,  by  adding  the  common  soda  of  the 
shops  to  diluted  sulphuric  acid  as  long  as  any  effervescence  appears. 

This  well  known  salt  is  met  with  in  variable  quantity  in  the  ashes  of 
nearly  all  plants,  and  is  diffused  in  minute  proporliou  through  most 
soils.  I  have  elsewhere  [see  Appendix,]  directed  your  atteniion  to  the 
beneficial  effect  which  it  has  been  observed  10  exercise  on  the  growth 
especially  of  such  plants  as' are  known  to  contain  a  considerable  propor- 
tion of  sulphuric  acid.  Among  these  are  red  clover,  velchos,  peas,  &c. 
And  as  tliis  salt  is  manufactured  largely  in  this  country,  and  can  be  ob- 
tained at  the  low  price  of  ten  shillings  a  cwi.  in  the  dry  state,*  I  have 
recommended  it  to  the  praciieal  farmer  as  likely  to  be  eKtensively  useful 
as  a  manure  for  certain  crops  and  on  celtain  soils.  The  kind  of  crops 
and  soils  have  as  yet  in  great  measure  to  be  determined  by  practical 
trials. — [See  the  results  of  Mr.  Fleming's  Experimenis,  given  in  the 
Appendix.] 

3°.  Sulphuret  of  Sodium. — When  sulphaie  of  soda  is  roived  with 
saw-dust,  and  healed  in  a  furnace,  the  oxygen  of  the  salt  is  separated, 
and  sulphuret  of  sodium  is  produced.  By  a  similar  Irealment  sulphate 
of  potash  is  converted  into  sulphuret  of  poiassium.  These  compounds 
consist  of  sulphur  and  metallic  sodium  or  potassium  only.  They  do 
not  occur  extensively  in  nalure,  and  are  not  manufactured  for  sale ;  but 
there  is  reason  to  believe  that  they  would  materially  nroraoie  the  vege- 
tation of  such  plants  as  contain  much  sulphur  in  combination  with  pot- 
ash or  soda..  'The  sulphuret  of  sodium  is  present  in  variable  quaniiiy  in 
the  refuse  lime  of  the  alkali  works,  already  spoken  of,  and  might  be  ex- 
pected to  aid  the  other  substances  of  which  it  chiefly  consists,  in  contri- 
buting to  the  more  rapid  growth  of  pulse  and  clover  crops. 

4"-  Carbfmate  of  Soda. — i  have  described  the  above  compounds  of 
soda  before  meniioning  this  its  best  known  and  most  common  form,  be- 
cause they  are  all' steps  in  the  process  by  which  the  latter  is  usually  pre- 
pared from  common  salt,  by  the  soda  manufaclurers. 

When  the  sulphuret  of  sodium  is  mixed  with  chalk  in  certain  propor- 
tions, and  healed  in  a  furnace,  it  is  deprived  of  its  sulphur,  and  is  con- 
verted into  carbonate  of  Boda,  the  common  soda  of  the  shops. 

This  well  known  salt,  row  sold  in  (he  slate  of  crystals,  [containing  62 
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pe  e  of  water,]  at  from  10s,  lo  li2s-  a  cwi.,  has  not  as  yet  been  ex- 
a  ely  tried  as  a  means  of  promoting  vegetalion.  The  lowness  of  its 
pn  e  however,  and  the  fact  that  i(  is  an  article  of  extensive  home  mao- 
ufao  n  e  conjoined  with  the  encouragement  we  derive  frotn  theoretical 
cons  de  aiions — all  unite  in  suggesting  iho  propriety  of  a  serieB  of  ex- 
pe  ments  with  the  view  of  determining  its  real  value  to  the  practical 
ag  oqI  u  is(.  The  mode  in  which  theory  indicates  that  this  compound 
IB  liltely  to  act  in  promoting  vegetalion — as  well  as  the  craps  to  which  it 
may  be  expected  to  be  especially  useful,  will  come  under  our  considera- 
tion hereafter. 

Besides  the  common  carbonate  of  soda  above  described,  and  which  in 
the  neighbourhood  of  Newcastle  is  manufactured  from  common  salt  to 
the  amount  of  30  or  40  thousand  tons  every  year,  there  occur  in  nature 
two  other  compounds  of  soda  with  carbonic  acid,  in  which  the  latter 
substance  is  present  in  larger  quantity  than  in  the  soda  of  the  shops. 
The  sesgut-carbotiate,  containing  one  half  more  carbonic  acid,  occurs  in 
the  soil  in  many  warm  climates  (Egypt,  India,  South  America,  &c.), 
and  at  Feazan,  in  Africa,  is  met  with  as  a  mineral  deposit  of  such 
thickness  as  in  that  dry  climate  to  allow  of  its  being  employed  as  a 
buildins  stone. 

The  oi- carbonate  is  contained  io  the  waters  of  many  lakes,  in  Hunga- 
ry, in  Asia,  &c.,  and  in  many  springs  in  all  parts  of  the  world.  There 
can  be  no  doubt  that  the  waters  of  such  springs  are  fitted  to  promote  the 
fertility,  especially  of  pasture  land,  lo  which  they  may  be  applied  either 
by  artificial  irrigation,  or  by  spontaneous  overflow  fram  natural  outlets. 
Some  of  the  Harrawgaie  waters  contain  a  sensible  quantity  of  this  bi- 
carbonate, and  over  a  large  portion  of  the  Yorkshire  coal-field,  a  bed  of 
rock  is  found,  at  various  depths,  iho  springs  from  which  hold  in  solution 
a  considerable  portion  of  this  salt.  The  Holbeck  water  of  Leeds,  ac- 
cording  to  Mr.  West,  owes  its  softness  to  the  presence  of  this  carbonate, 
and  the  water  ftom  the  coal-mines  in  the  neighbourhood  of  Wakefield 
is  occasionally  so  charged  with  it,  as  to  form  troublesome  saline  incrus- 
tations on  the  bottoms  of  the  steam  boilers.  Where  these  waters  occur 
in  sufficient  abundance,  ihey  should  not  be  permitted  to  escape  into  the 
rivers,  until  tiey  have  previously  been  employed  in  irrigating  the  land. 

Ti  has  occasionally  been  observed  that  natural  springs  in  some  locali- 
ties impart  a  degree  of  luxuriance  to  natural  pasture,  which  is  not  to  be 
accounted  for  by  the  mere  effect  of  a  constant  supply  of  water.  In 
such  cases,  the  springs  may  be  expected  to  contain  some  alkaline,  or 
other,  mineral  ingredient,  which  the  soil  is  unable  to  supply  to  the  plants 
which  grow  upon  it,  either  in  sufficient  abundance,  or  with  sufficient 
rapidity. 

6°.  Soda  or  Caustic  Soda. — When  a  solution  of  the  common  soda  of 
the  shops  is  boiled  with  quick-lime,  it  is  deprived  of  its  carbonic  acid, 
and  like  the  carbonate  of  potash  (p.  187)  is  Drought  into  the  caitslic  state. 
In  this  state  it  destroys  animal  and  vegetable  substances,  and,  unless 
very  dilute,  is  injurious  to  animal  and  vegetable  life. 

When  common  salt  (chloride  of  sodium)  is  mixed  with  quick-lime  in 
compost  heaps,  it  is  deprived  by  the  lime  of  a  portion  of  its  chlorine, 
and  is  partially  converted  into  this  caustic  soda.  The  action  of  the  soda 
in  this  state  is  dmilar  to  that  of  caustic  potash.    Not  only  does  it  readi- 
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ly  supply  soda  to  ihe  growing  plant,  lo  wliich  soda  is  necessary,  but  it 
also  acts  upon  certain  other  stihslaDces  which  the  plants  require,  so  as 
to  render  them  soluble,  and  lo  facilitate  their  entrance  into  the  "roots  of 
plants.  To  the  presence  of  soda  in  this  caustic  state,  the  efficacy  of 
such  composts  of  common  salt  and  lime  in  promoting  vegetation,  is  in 
parr  lo  be  ascribed. 

6°.  Sodium  is  a  soft  metal  of  a  silver  white  colour,  and,  like  potassi- 
um, light  enough  to  float  tipon  water.  It  is  Obtained  by  heating  caustic 
soda  with  a  mixture  of  eharcoai  and  iron  filings.  It  takes  fire  upon 
water — though  not  so  readily  as  potasaum — and  combines  wilh  its  oxy- 
gen to  form  soda.     In  the  iMetallie  stale  it  is  nor,  known  to  occur  in  na- 


and  wilh  sulphur,  sulphucet  of  sodium, — all  of  which,  as  already  stated, 
arc  more  or  less  beneficial  lo  vegetation. 

7°,  PAospftafes  o/iSW(i.—When  the  common  soda  of  theshopsisadded 
10  a  solution  of  phtwphorie  acid  in  water,  till  eServescenoe  ceases,  and 
ihe  solution  is  evaporated  to  dryness,  phosphate  of  aaiia  is  formed,  and 
by  the  subsetjueni  addition  of  as  much  more  phosphoric  add — 6i-phos- 
phate.  These  salts  occur  more  or  less  abundantly  in  the  ash  of  nearly 
ail  plants ;  they  are  occasionally  also  detected  in  the  soil,  and  one  or 
other  of  them  is  almost  always  present  in  urine  and  other  animal  ma- 
nures. As  we  know  ftom  theory  that  these  compounds  must  be  grate- 
ful to  plants,  we  arejustified  in  ascribing  a  portionof  the  efficacy  ofaniraal 
manures,  in  promoting  the  growth  of  vegetables,  lo  the  presence  of  these 
phosphates,  as  well  as  to  that  of  the  phosphates  of  potash  (p,  190), 
They  are  not  known  to  occur  in  the  mineral  kingdom  in  any  large  quan- 
liiy,  neither  are  they  articles  of  manufacture,  hence  their  direct  action 
tipon  vegetation  has  not  hitherto  been  made  the  subject  of  separate  ex- 
periment- 


l".   Carbonalt  of  Lime. — Chalk,  marble,   and  nearly  all  the  lime 

ponnd  of  lime  wilh  carbonic  at^d  which  is  Jtnown  to  chemists  as  car- 
bonate of  lime.  It  occurs  of  various  colours  and  of  various  degrees  of 
hardness,  but  in  weight  the  compact  varieties  are  very  much  alike,  be- 
ing generally  a  little  moi'e  than  aj  times  (2-7)  hea\'ier  than  water. 
They  all  dissolve  with  effervescence  in  dilute  muriatic  acid  (spirit  of 
salt),  and  by  the  bubbles  of  gas  which  are  seen  to  esl^ape  when  a  drop 
of  this  acid  is  applied  lo  them,  limestones  may  in  general  be  readily  dis- 
tinguished from  other  varieties  of  rock.  They  dissolve  slowly  also  in 
water  which  holds  carbonic  acid  in  solution  ;  and  heneo  the  springs 
which  issue  from  the  neighbourhood  of  deposits  of  lireiesione  are  gene- 
ralh'  charged  in  a  high  degree  with  this  mineral  substance. 

The  value  of  this  carbonate  Of  lime  in  rendering  a  soil  capable  of  pro- 
ducing and  sustaining  a  luxurianl  vegetation  depends,  in  part,  it  is  true, 
on  the  necessity  of  a  certain  proportion  of  lime  to  the  gmwll:  and  fuU 
developementof  the  several  parlsof  nearly  all  plants,  but  it  performsalso- 
0  ^.lH)glc 
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olher  important  ofRces,  which  we  sliall  hereafter  have 
fully  to  consiJer. 

2°.  lAme  or  QmtJc-lime. — When  limestone  is  burned  along  with  coal 
or  wood  in  kitnsBOConsirucied  thataeurreniofairean  pasaCreelj  ihiouuli 
ihehii  the  carbonic  acid  is  driven  oif,  and  ilie  lime  alune  remains.  In 
this  state  il  ia  generally  linowa  by  the  name  of  burned  or  guiclc-\ime, 
from  its  caustic  qualilies,  aud  is  found  to  have  lost  nearly  44  per  cent,  ol" 
its  origiuBl  weight. 

The  most  remarkable  property  ,of  quick-lime  is  its  »\ioa^  (endeocy  lo 
combine  with  water.  This  is  displayed  by  the  eagerness  with  which  this 
liquid  is  drunk  in  by  the  lime  in  the  act  of  slaking,  and  by  the  great  heat 
which  ia  at  the  same  time  developed.  Slaked  lime  is  a  computind  of 
lime  with  water,  and  by  chemists  is  called  a  hydrate  of  lime,  li  con- 
tains 24  percent,  of  its  weight  of  water. 

The  action  o/  quick-lime  upon  the  land  ia  one  of  the  most  important 
Wbicfa  presents  itself  to  tbe  observation  of  the  practical  agriculturist. 
Among  other  effects  produced  by  il  is  that  of  hasiening  the  decomposi- 
tion of  vegetable  matter  either  in  the  soil  or  in  compost  heaps;  but  thi^ 
efiecl  is  materially  promoted  by — if  it  be  not  wholly  dependent  upon 
— the  presence  of  air  and  moisture.  By  this  decomjjositioE  carbonic 
acid  and  other  compound  substances  are  produced,  which  the  roots  are 
capable  of  absorbiog  and  converting  into  the  food  of  plants. 

to  the  air  does  il  long  remain  in  this  state.  It  gradually  absorbs  carbonic 
acid  from  the  atmosphere,  and  is  again  con\'erted  into  carbonate.  This 
change  takes  place  more  or  less  rapidlv  in  all  cases  where  quick-lime  i» 
applied  to  the  land,  but  the  benefits  ansinj;  from  burning  the  lime  do  not 
disappear  when  it  is  thus  reconverted  into  oarbonate.  On  the  contrary, 
the  state  of  very  fine  pov/der,  into  which  quick-lime  falls  on  slaking, 
enables  the  carbonate  of  lime,  subsequently  formed,  to  be  intermixed 
with  the  soil  in  a  much  more  minute  stale  of  division  than  could  be  ob- 
tained by  any  mechanical  means.  This  we  shall  hereafter  see  to  he  a 
most  important  fact,-  when  we  come  lo  study  in  more  detail  the  (beory 
nf  the  action  of  lime  in  the  several  states  of  combination,  and  under  the 
varied  conditions  in  which  it  is  employed  for  the  purpose  of  improving 
the  land. 

3°.  Caldwit  is  a  silver-white  metal,  which,  by  its  union  with  oxygen, 
forms  lime.  It  is  not  known  to  exist  in  nature  in  an  uncombined  stale, 
is  prepared  artificially  only  with  great  difflculty,  and  therefore  exercises 
no  direct  action  on  vegetable  growth. 

4°.  Chloride  of  Calcium. — When  chalk  or  quick-lime  is  dissolved  in 
muriatic  acid,  a  solution  of  chloride  of  calcium  is  obtained.  This  solu- 
tion occurs  in  sea-waier,  in  tbe  refuse  (mother-liquor)  of  the  salt-pans, 
and  is  allowed  to  flow  awav  in  large  quantities  as  a  waste  frojii  certain 
chemical  works.  I  have  elsewhere  staled  the  effects  it  has  been  ob- 
served to  produce  upon  vegetable  growth,  [see  Appendix,]  and  have  re- 
commended the  propriety  of  making  experiments  with  ihe  view  of  ren- 
dering useful  some  of  tbose  materials  which  in  our  manufactories  are 
now  suffered  largely  to  run  to  waste. 

5".  Sulphuret  of  Calcium,  is  a  compound  of  sulphur  and  calcium, 
which  may  be  formed  by  healing  together  chalk  and  sulphur  in  a|Covered 
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9  produced  in  nalure,  where  moist  decaying 
vcgtiabie  and  aoimal  matters  are  allowed  lo  ferment  in  the  presence  of 
gypsum ;  il  may  somelimea  also  be  deiecietl  in  ihe  soil,  and  in  the  waters 
of  mineral  springs,  and  is  contained  largely  in  ihe  recent  refuse  iiea]ia 
of  the  alkati  works.  Like  the  sulphurets  of  potassium  and  sodium,  al- 
ready described,  il  is  fitted,  when  judiciously  applied,  W  promote  the 
growtli  especially  of  those  plants  in  which  sulphur  has  beeu  recognized 
as  a  necessary  constituent. 

6°.  Sulphate  of  Lime,  or  gypsum,  is  a  well  known  white  crystalline 
or  earthy  compound,  which  occurs  as  an  abundant  mineral  deposit  in 
numerous  pans  of  the  globe.  It  is  preaeni  in  many  soils,  is  cotjfameiJ 
in  ilie  waters  which  percolate  through  such  soils,  and  in  those  of  springs 
which  ascend  from  rocky  beds  in  which  gypsum  exists,  and  is  delect- 
ed in  sensible  pnsportions  in  the  ashes  of  many  cullivaled  plants.  It 
is  extensively  employed  in  the  arts,  and  in  some  countries  not  lesa  ex- 
tensively as  a  means  of  promoting  the  fertility  of  the  land. —  [See  Appen- 
dix, p.  1.] 

The  gypsum  of  commerce  contains  nearly  21  per  cent,  of  its  weight 
of  water,  which  it  loses  entirely  on  being  exposed  lo  a  red  heat.  In 
some  couQiries,  a  variety  which  is  almost  entirely  free  from  waier  oc- 
curs in  rocky  masses,  and  is  distinguished  by  ibe  name  oi  Anhydrite. 

Gypsum,  when  burned,  has  ths  properly  of  being  reduced  wiih  great 
ease  into  the  state  of  an  impalpable  powder.  This  powder,  however, 
combines  so  readily  with  the  21  per  cent,  of  water  it  had  previously  lost, 
that  if  it  be  misted  with  water  to  the  consistence  of  a  paste  so  ihin  that  it  can 
be  poured  int«  a  mould,  it  sets  and  hardens  in  a  few  minutes  into  a  solid 
mass.     In  this  way  burned  gypsum  is  employed  in  making  plaster  casts 

Burned  gvpsum  consists  of  lime  and  sulphuric  acid  only — in  the  pro- 
pirlions  of  41J  of  the  former,  to  58i  of  the  latter.  lis  use  as  a  manure, 
therefore,  will  be  specially  to  promote  the  growlh  of  those  plants  by 
which  these  two  substances  are  more  abundantly  required,  and  upon 
soils  in  which  they  are  already  present  in  comparatively  small  propor- 

7°.  mirate  n/ Lime.— The  production  of  nitrate  of  lime  in  artificial 
nitre-beds,  on  old  walls,  and  on  the  sides  of  caves  and  cellars,  especially 
in  damp  sttualions,  has  already  been  alluded  to  in  Lecture  YIIL,  [p. 
161.]  Il  may  be  formed  artificially  by  dissolving  common  limestone  in 
nitric  acid,  and  evaporating  the  solution.  It  constitutes  a  'jthiie  mass, 
which  rapidly  attracts  waier  from  the  air,  and  runs  to  a  fiquid.  It  is 
produced  naturally,  and  exists,  as  I  believe,  in  soils  containing  lime, 
more  commonly  than  has  hitherto  been  suspected.  Its  exireme  solubili- 
ty in  waier,  however,  renders  it  I'able  (o  be  carried  downwards  into  the 
lower  portions  of  the  soil  by  eveiy  shower  of  rain~or  lo  be  actually 
washed  away,  when  long  conlinued  wet  weather  prevails. 

When  heated  lo  dull  redness  wiih  vegeiabte  matter,  the  niirste  of 
lime  is  decomposed,  and  is  converted  into  carbonate,  ot  when  exposed 
alone  to  a  bright  red  heat,  the  nitric  acid  is  expelled,  and  quick-lime 
alone  remains.  Hence  where  it  really  exists  in  plants,  il  cannot  be  de- 
tected in  the  ash, — and  when  present  in  soils,   it  must  be  separated  by 
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washing  ihem  in  water,  before  they  ate  expnsed  to  a  heat  sufRcieot  to 
burn  away  the  organic  mailer  they  coDlain. 

The  deiails  already  entered  into  in  ihe  preceding  lecture  (pp.  169  to 
163)  regarding  the  general  action  of  nitric  acid,  in  promoting  the  natural 
vegetation  of  (he  globe,  render  il  unneceasary  forme  to  dwell  here  on  the 
special  action  of  its  compound  with  lime — more  particularly  as  the  entire 
subject  of  the  aclioo  of  lime  upon  ihe  land  will  hereafter  demand  from 
us  a  separate  coDsideraiion. 

The  nitrate  of  lime  cannot,  as  yet,  be  fcirnied  by  art,  at  a  suffieiemly 
cheap  rate  to  allow  of  iis  being  roanufaciured  for  the  use  of  the  agricul- 

Pliospkales  of  Ziime. — Lime  combines  with  phosphoric  acid  in  sev- 
eral proporiifinB,  forming  as  many  different  compounds.  Of  these  by 
far  the  most  important  and  abundant  in  nature,  certainly  the  most  use 
ful  lo  the  agriculturist,  is  the  eartk  of  tones.  It  will  be  necessary,  how- 
ever, to  advert  shortly  to  two  others,  with  the  existence  of  which  it  is 
important  for  us  (o  be  acquainted. 

A.  Earth  of  Bones  is  the  name  given  to  the  white  earthy  skeleton  that 
remains  when  the  bones  of  animals  are  burned  in  an  open  fire  until 
every  thing  combustible  has  disappeared.  This  eanhy  matter  consists 
chiefly  of  a  peculiar  phosphate  of  lime,  composed  of  51i  per  cent,  of 
lime,  and  484  uf  phosphoric  acid.  This  com pounii  esisis  ready  formed 
in  the  bones  of  all  animals,  and  is  the  substance  selected  in  the  economy 
of  nature  to  impart  to  them  their  strength  and  solidity.  It  is  found  in 
smaller  quantity  in  those  of  young  animals,  while  ihey  are  sofi,  and 
cartilaginous, — and  the  softening  of  the  bones,  which  in  afler-Iife  occurs 
as  the  result  of  disease,  iscaused  by  the  unnatural  abstraciion  of  a  greater 
portion  of  this  earthy  matter  than  is  replaced  hy  the  food. 

This  earthy  phosphate  constitutes  about  57  per  cent,  of  the  dried  bones 
of  tiie  ox,  is  present  in  lesser  quantity  in  the  horns,  hoofs  and  nails,  and 
is  never  absent  even  from  the  flesh  end  blood  of  healthy  animals.  It 
exists  in  the  seed  of  many  plants,  in  all  Ihe  varieties  of  grain  which  are 
extensively  cultivated  for  food,  and  in  the  ashes  of  most  common  planls. 
The  ashes  of  leguminous,  cruciferous,  and  composite  plants,  are  es- 
pecially rich  in  tliia  compound. 

If  we  conwder  that  when  animals  die,  their  bones  are  chiefly  buried  in 
the  earth,  and  that  over  the  entire  globe,  animal  life,  in  one  or  other  of 
its  forms,  prevails,  we  shall  not  be  surprised  that,  in  almost  every  soil, 
the  earth  of  bones  should  be  found  io  exist  in  greater  or  less  abundance. 
Nor  can  we  have  any  difficulty  in  conceiving,  if  such  be  the  case, 
whence  plants  draw  their  constant  and  necessary  supplies  of  this 
substance. 

At  the  same  lime,  il  is  true  of  this  compound,  as  of  all  ihe  others  we 
have  yet  spoken  ef,  as  occurring  in,  and  as  necessary  to  the  growth  of, 
vegetables, — that  some  soils  contain  it  in  greater  abundance  tlian  others, 
and  ihat  from  sotne  soils,  therefore,  certain  plants  will  not  readily  obtain 
as  much  of  this  substance  as  they  require.  This  is  the  natural  principle 
on  which  the  use  of  bone-dost  es  a  manure  chiefly  depends. 

Hence  of  two  marls  both  containing  carbonate  of  lime,  that  will  be 
mist  useful  to  the  land  which  contains  also,  as  many  do,  a  rotable  por- 
tion of  phosohaie  of  lime ;  and  of  two  limestones,  that  will  be  preferred 
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in  an  agricuilural  district  in  -which  animal  remains  most  abound.  I 
shall  have  occasion  to  illuslrale  this  point  more  fully,  when  in  a  subse- 
quent lecture  I  come  to  explain  the  natural  origin  of  soils,  and  lo  trace 
their  chemical  constituents  to  the  several  rocky  masses  iVoni  which  they 
a[]pear  10  have  been  derived. 

Before  dismissing  this  topic,  however,  there  are  one  or  two  proper- 
ties of  this  bone  earth  which  are  of  practical  importance,  and  lo  which, 
therefore,  I  must  shortly  request  your  aitentjoa.  It  is  insoluble  in  water 
or  in  solutions  of  soila  or  potash,  but  it  dissolves  readily  in  acids,  such  as 
t}ie  nitric  or  muriatic,  aud  also,  though  less  easily  and  abundantly,  in 
common  vinegar.  It  exists  in  milk,  and  is  supposed  to  be  held  in  solu- 
tion by  a  pecLiliai'  acid  fuund  in  this  liquid,  and  which  is  distinguished  by 
the  name  ft{lactic  acid  (acid  of  milk). 

It  is  slightly  soluble  also  in  a  solution  of  carbonic  acid,  and  of  certain 
other  organic  acids  which  exist  in  the  soil,  and  it  is  by  means  of  thesu 
acids  that  it  is  supposed  to  be  rendered  capable  of  enteriog  into  the  roots 
of  plants.  Wherever  vegetable  matter  exists,  and  is  undergoing  decay 
in  the  soil,  the  water  makes  its  way  to  the  roots  more  or  less  laden  with 
carbonic  acid,  and  ihus  is  enabled  to  bear  along  with  it  notonly  common 
carbonate  of  hme,  as  has  been  shown  in  a  previous  lecture  (p.  47),  but 
also  such  a  portion  of  phosphate  as  may  aid  in  supplying  this  necessary 
food  to  the  growing  plant.* 

In  the  bones  of  animals  the  phosphate  is  associated  with  animal  gela- 
Hne,  which  can  be  partially  extracted  by  boiling  bones  in  water  under 
a  high  pressure.  It  has  been  observed,  however,  thai  the  phosphate, 
when  in  a  minute  state  of  division,  is  slightly  soluble  in  a  solution  of 
gelatine,  and  hence  bones,  from  which  the  jelly  has  been  partially  ex 
iracted  by  boiling,  wil.1  be  deprived  of  a  certain  proportion  of  their  earthy 
matter  also.  They  will  have  lost  their  gelatine,  however,  in  a  greater 
iiroporiion,  and  hence,  if  again  ihorougkly  dried,  they  will  contain  a 
larger  per-centage  of  boue  earth  ihan  when  in  iheir  natural  state.  In 
tills  country,  bones  are  seldom  boiled,  I  believe,  either  for  (he  jelly  they 
ftive,  or  as  in  France  and  Germany  for  the  manufacture  of  glue,  inougli 
in  certain  localities  they  are  so  treated  in  open  vessels  for  the  sake  of  the 
oil  they  are  capable  of  yielding.  Such  boiled  bones  are  said  to  act  inore 
quickly  when  Hpplied  lo  the  land,  but  to  be  less  permanent  in  their  ef- 
fects. This  may  be  chiefly  owing  to  their  not  being  so  perfectly  dry  as 
the  unboiled  bones.  Being  thus  moist,  they  will  contain,  in  the  same 
weight,  a  comparatively  smaller  quantity  both  of  the  animal  gelatine 

"  irio  asoluUon  of  bone  earth  in  niiirtsliD  acJil  (spirit  ofaatl),  liqnid  ammonia  <hanaliom} 
bo  added,  Hie  Bi>lnUon  will  become  milk;,  enil  s  while  powder  will  Riil,  which  ie  the  eanh 
of  bones  In  an  extretnelv  minute  slate  of  division.  Ifthls  powder  be  waslied  by  repealed  afili- 
slonsorpurewiler.  and  be  anerwards  walUnaken  with  wUer  whicli  issatarated  with  car- 


lion  ai  Ihls  compound  where  it  elists  In  Ihe  soil,  bnt  the  anperabnodant  naler  also  which 
runs  oir  Ihe  surface  or  sinks  through  to  the  drains,  cnrrles  with  it  to  ihe  riieis  in  Its  cnui^ 

praeUsal  airicnllmiet. 
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and  of -llie  enrihy  ))hosphate,  wliUe  they  will  also  be  more  siiaceplible  of 
speedy  deeomposiiioD  when  buried  iu  ihe  soil.* 

In  solutions  of  coinmoa  salt  and  of  sal-am tnoniae,  the  earth  of  bones 
is  also  slightly  soluble,  and  cases  may  occur  where  the  presence  of 
these  compounds  in  the  soil  may  facilitate  the  conveyance  of"  the  earlliy 
phosphate  into  the  roots  of  plants. 

B.  Add  or  Bi-Pkosphate  of  lAme.— When  burned  bones  are  reduced 
to  powder,  and  digested  in  sulphuric  acid  (oil  of  vitriol),  diluted  with 
once  or  twice  its  weight  of  water,  the  acid  combines  with  a  portion  of  the 
lime,  and  forms  sulphate  of  lime  (gypSum),  while  the  remainder  of  the 
lime  and  the  whole  of  ihe  phosphoric  acid  are  dissolved.  The  solution, 
therefore,  contains  an  add  phosphate  of  lime,  or  one  in  which  the  phos- 
phoric acid  exists,  in  much  larger  quantity  than  in  ihe  earth  of  bones. 
The  true  bi-phosphate,  when  free  from  water,  consists  of  71i  of  phos- 
phoric acid,  and  284  of  lime.  It  exists  in  the  urine  of  naost  animals,  and 
is  therefore  an  important  constitoeni  of  liquid  manures  of  anlms!  origin. 

If  the  miKluce  of  gypsum  and  acid  phosphate,  above  described,  be 
largely  diluted  with  water,  it  will  form  a  most  valuable  liquid  raanure, 
especially  tor  grass  land,  and  for  crops  of  rising  corn.  In  this  liquid 
state,  the  phosphoric  acid  will  diffuse  itself  easily  and  perfectly  through- 
out the  soil,  and  there  will  speedily  lose  its  acid  character  by  corabinmg 
with  one  or  other  of  the  6as(cf  substances,  almost  always  present  in 
every  variety  of  land. 

Or  if  to  the  solution,  before  it  is  applied  to  the  land,  a  quantity  of  pearl- 
ash  be  added  until  it  he^n  to  turn  milky,  a  misture  of  the  phosphates 
with  the  sulphates  of  lime  and  of  potash  will  be  obtained,  or — if  soda  be 
added  instead  of  potash — of  the  jjhosphates  with  the  sulphates,  of  lime 
and  of  soda;  either  of  which  niixrures  will  be  .still  more  efRcacious 
upon  the  land,  than  ihe  solution  of  (he  acid  phosphates  alone. 

Or  to  the  solution  of  hones  in  the  acid,  the  potash  or  soda  may  he  added 
without  further  dilution,  and  the  whole  then  dried  up  by  the  addition  of 
charcoal  powder,  or  even  of  vegetable  mould,  till  it  is  in  a  sufficiently 
dry  stale  to  he  scattered  with  the  hand  as  a  top-dressing,  or  buried  in 
the  land  by  means  of  a  drill. 

I  have  above  alluded  to  the  employment  of  bones  in  France  and  Ger- 
many, for  the  manulacture  of  gluo.  For  this  purpose  the  broken  bones 
are  digested  in  weak  muriatic  acid,  by  which  the  earthy  matter  is  dis- 
solved, and  the  geialine  lefl  behind.  The  gelatinous  skeleton  Is  boiled 
down  for  glue,  and  the  solution  of  the  bone  earth  is  thrown  away.  This 
solution  contains  a  mixture  of  the  ad(2  phosphate  of  lime  with  chloride 
of  calcium, — and  might  be  used  up  in  any  of  the  ways  above  described, 
with  manifest  beneHt  lo  the  land.  The  glue  prepared  by  this  method, 
however,  is  said  to  be  inferior  in  quality,  and  as  (he  process  is  not  adopt- 
ed in  this  country,  ihe  opportunity  of  making  an  economical  application 
of  this  waste  material  is  not  likely  to  be  often  presented  to  the  English 
farmer. 
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C.  Native,  Plwsphate  of  Lime  or  Apatite. — Insomepattsof  the  world, 
a  hard  mineral  substance,  comidonly  koown  by  llie  name  of  Apatite, 
occurs  in  considerable  quantity.  It  consists  ehxefly  of  a  phosphate  of 
lime,  which  differs  but  slightly  in  its  constitution  from  the  earth  of  bones. 
— eoniaiaing  54^  percent,  of  lime,  while  the  latter  containaonly  5ii  per 
cent.  The  composilion  of  this  mineral  would  lead  iis  lo  expect  it  to 
possess  a  favourable  action  upon  vegelalion,  and  ihis  anticipation  has 
been  confirmed  by  some  experiments  made  with  it  on  a  limited  scale  by 
Sprengel. — [Chemie,  I.,  p.  64.] 

It  occurs  occasionally  in  mineral  veins,  especially  such  as  are  found 
in  the  granitic  and  slate  rocks.  Masses  of  it  are  met  with  in  Comber- 
land,  in  Cornwall,  in  Finland,  in  the  iron  mines  of  Areadalil  in  Nor- 
way, and  in  many  other  localities.  A  variety  of  it  distinguished  by  ihe 
name  iif  j>kosplwnte  is  said  to  form  beds  at  Schlachenwalde  in  Bohemia, 
and  in  the  province  of  Estremadura  in  Spain.  From  the  last  of  these 
localities  being  the  most  accessible,  the  time  may  come  when  the  high 
jirice  of  bones  may  inJuce  our  enterprising  merclianis  lo  import  it,  foe 
the  purpose  of  being  employed  in  a  finely  powdered  state  as  a  fertilizer 
iif  the  land. 
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LECTURE  X. 

Inoivsnlc  BcineUtuenIs  afplanle  Bonllnued.— Magnesia,  Alumina,  eitica.  Did  the  Oildes  ot 
Imn  anil  ManjjaDeHe.— Tabular  view  of  (ha  coualiliiUon  of  Uie  iDorganic  subelanoes  de- 
Bortbed.— PrapdiLiona  in  whioll  Itieae  several  suhslancea  are  fonnd  Inlba  planIB  ciUllvaLefl 


§1.  huirganic  comtititents  of  plan 


\°.  Carbonate  of  Magnesia  is  a  tastelets  eanby  compound,  which  in 
BOine.patis  of  ihe  world  forms  rocky  masses  and  veins  of  consiileroble 
height  and  thickness.  It  occurs  moire  largely,  however,  in  coaneciion 
with  carbonate  of  liuie  in  the  magnesian  limestones,  so  well  known  ia 
the  eastern  and  norfhern  parls  of  England, — and  in  similar  rocks,  dis- 
tinguished by  the  name  of  dolmniles  or  of  dolomiiie  liraesiones,  in  va- 
rious countries  of  Europe.  The  pure,  exceedingly  light,  white  magne- 
sia of  ihe  shops,  is  partly  extracted  from  the  magnesian  limestone,  and 
partly  from  ihe  mother  liquor  of  the  salt  pans,  which  generally  coniains 


ind  dry,  carbonate  of  magnesia  consists  of  43i  of  mngnp- 
sia,  and  5i|  of  carbonic  acid.  Jt  dissolves  readily  in  diluted  acids  (sul- 
phuric, muriatit!,  and  aceiic,)  ibe  carbonic  acid  at  the  same  time  esca- 
ping with  eiftrvescence. 

Existing  as  it  does  in  many  solid  rocks,  this  earbonate  of  mBgiip^Ia 
may  be  expected  to  be  present  in  the  soil,  and  it  is  fonnd  in  the  aslies  uf 
many  plants.  Of  the  ashes  of  some  parts  of  plants  it  coDslimles  one- 
sisth  of  the  entire  weight. 

When  exposed  to  the  air  in  a  finely  divided  stale,  it  gradually  absoibs 
a  quantity  of  moisiure  from  the  aimospliere,  equal  to  two- thirds  of  its 
own  weight.  In  this  state,  1t  dissolves  in  48  limes  ils  weigiil  of  water, 
ihongh,  when  dry,  it  ia  neatly  insoluble.  Like  carbonate  of  hme  it  is 
also  soluble  in  water  impregnated  with  carbonic  acid,  but  in  a  some- 
what greater  degree.  In  this  state  of  solution  it  may  be  readily  carried 
into  ihe  roots,  and  be  the  means  of  supplying  to  the  parts  of  living  ve- 
getables a  portion  of  that  magnesia  which  is  necessary  to  their  perfect 
growth. 

Soils  containing  mucli  of  this  carbonate  of  magnesia  are  said  to  be 
highly  absorbent  of  moisture,  and  to  this  cause  is  ascribed  tlie  coldvess  ot 
such  soils. — [Sprengel,  Cheiaic,  I.,  p.  645.]  This  opinion  is,  however, 
open  to  doubt. 

2°.  Magnesia  or  Caustic  Magnesia,  ihe  calcined  magnesia  of  Ihe 
^lops. — When  the  carbonate  of  magnesia  is  lieated  to  redness  in  the 
open  air,  it  paris  wiih  its  carbonic  acid  much  more  readily  than  lime 
does,  and  is  brought  into  the  slate  of  pnre  or  caustic  magnesia.  In  this 
Mate  it  does  not  occur  in  nature,  but  it  is  occasionally  met  with  in  com- 
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binaiion  with  about  .30  per  cent,  of  waler.  When  magncsian  llms- 
5 tones  or  dolomites  are  burned,  Ihe  quick-lime  obtained  often  Rontaina 
caustic  magnesia  also  in  considerable  quantity.  This  misHire  is  fre- 
quently applied  to  ll\e  land,  and,  as  is  well  known  in  many  parts  of 
England,  with  injuKous  effects,  if  laid  on  in  too  large  quantities.  The 
cause  of  this  hot  or  burning  naluce,  as  it  is  called,  of  magncfiiail  lime,  is 
not  very  saiisfactorify  ascertained.  I  shall,  however,  slate  two  or  three 
facts,  which  may  assist  in  conducting  us  to  the  true  cause. 

1°.  Quiek-iime  dissolves  in  750  times  its  weight  of  water,  at  the  or- 
dinary temperature  of  the  atmosphere,  while  pure  magnesia  requires 
5142  times  its  weight.  The  magoesia,  therefore,  is  not  likely  to  injure 
living  plants  direcUy.  by  entering  into  their  roofs  in  its  caustic  slate,  since 
lime  which  is  seven  times  more  soluble  produces  uo  injurious  effect. 

2°.  It  seems  lo  be  (he  result  of  experience,  that  magnesia  in  the  state 
of  carbonate  is  but  slightly  injurious  lo  the  land  ;  some  deny  that  in  this 
stale  it  has  any  injurious  effect  at  all.  This  I  fear  is  dimbtftil ;  we  may 
infer,  however,  with  some  degree  of  probability.that  it  is  from  some 
property  possessed  by  magnesia  iti  the  canstic  slate,  and  not  possessed, 
or  at  least  in  an  equal  degree,  either  by  quick-lime  or  by  carbonate  of 
magnesia,  that  its  evil  influence  is  chiefly  to  be  ascribed, 

3°.  When  exposed  to  tlie  air,  quick-iime  speedily  absorbs  water  and 
carbonic  acid  from  the  air,  forming  first  a  hydrate*  in  Bne  powder,  and 
then  a  carbooaie.  Caustic  magnesia  absorfe  both  of  these  more  slowly 
than  lime  does,  and  in  the  presence  of  the  latter,  or  when  mixed  with  it, 
niusi  absorb  them  more  slowly  still,  since  the,  lime  will  seize  on  ihe 
greater  portion  of  the  moisture  and  carbonic  acid  which  enlists  in  the  air, 
immediately  surrounding  both.  When  slaked  in  the  air  also,  the  lime 
may  be  transformed  in  great  part  into  carbonate,  while  the  magnesia 
still  remains  in  the  state  of  hydrate,  and  it  is  a  property  of  this  hydrate 
10  attract  carbonic  acid  more  feebly  and  slowly,  even  ihan  the  newly 
burned  magnesia  as  it  comes  from  (he  kiln.  Hence  when  buried  in  the 
Boil,  after  ihe  lime  has  become  nearly  all  transformed  into  carbonate,  the 
magnesia  may  still  be  all  either  in  the  dry  canstic  state,  or  in  that  of  a 
hydrate  only. 

4°.  Now  there  exist  in  ihe  soil,  and  probably  are  exuded  from  the 
lii-ing  roots,  various  and  substances,  both  of  organic  and  of  inorganic 
origin,  which  ii  is  one  of  the  functions  of  lime,  when  applied  to  the  land, 
to  combine  with  and  render  innoxious.  But  these  acid  compounds  unite 
rather  with  the  caustic  magnesia,  than  with  the  lime  which  is 'already 
in  combination  with  carbonic  acid — and  form  salts,^  which  generally  are 
miick  more  soluble  in  water  than  the  compounds  of  lime  with  the  same 
acids.  Hence  the  water  that  goes  to  the  roots  reaches  them  more  or 
less  loaded  with  raagnesian  salts,  and  carries  into  the  vegetable  circtila- 
tion  more  magnesia  than  is  consistent  with  the  healthy  growth  of  the 

It  is  hazardous  t 


from  the  ph 

lenon 

lena  o1 

r  animal  lo  those  of 

."onZS 

d  kydmUa  (fro 
t.  In  Il.e  Leil, 

m  the  Greek  word  for  wa 
d  *jniro/e  o/ftme-gnd  the 
Is  called  Ajiirole  of  laag- 

tl^J'^ii, 

a: 

esia,*6 

,,....,  tkuwll 

S02  HAQNEaiDU,  AND  CHLORIDE  OF  tIAQNE31lIai. 

vegetable  pliysiology,  yet  if  lime  and  magnesia  have  the  iiower  of  dif- 
ferently aBectiog  the  animal  economy,  why  may  they  not  also  very 
differently  affect  the  vegetable  economy  ?  And  since  in  the  same  cir- 
cumstancee,  and  in  combination  with  the  substances  they  meet  with 
in  the  same  soil3^  magnesia  is  capable  of  enleting  roore  largely  into 
a  plant  by  ils  roots — may  not  magnesia  he  considered  capable  of  poi- 
soning a  plant,  when  lime  in  the  same  condition  would  only  improve 

1  have  said  thai  it  may  be  doubted  whether  magnesia  in  the  state  of 
carbonate  is  wholly  unhunful  to  the  land.  This  doubt  rests  on  the  fact 
thai  the  magnesia  retains  its  carbonic  acid  more  feebly  than  lime  does 
— and  therefore  ils  carbonate  is  the  more  easily  decomposed  when  an 
acid  body  comes  in  contact  with  both.  Though,  therefore,  the  mag- 
nesian  carbonate  will  not  lay  hold  of  all  acid  matter  so  readily  and  surely 
as  caustic  magnesia  may,  siill  occasions  may  occur  where  acid  mailers 
being  abundant  in  the  soil,  so  much  carbonate  of  magnesia  may  be  de- 
j;omposed  and  dissolved  as  to  render  the  water  absorbed  by  its  roots 
destructive  to  the  health  or  life  of  a  plant. 

In  reference  to  this  point,  however,  it  must  be  distinctly  understood,. 
that  magnesia  ia  one  of  l!ie  kinds  of  inorganic  food  mosl  necessary  to 
jjlanisi  that  a  certain  qiiaiiliiy  of  it  in  the  soil  is  absolutely  necessary  to 
the  growth  of  nearly  all  cultivated  plants,  and  that  it  is  only  when  it  is 
conveyed  (o  the  roots  in  too  large  a  quantity,  tliat  it  proves  injurini'S  to 
vegetable  life. 

5°.  Magnesium  is  the  metallic  basis  of  magnesia.  Little  is  known 
of  its  properties,  owing  lo  the  difficulty  of  preparing  it  in  any  consider- 
able qnaniity  forthe  purpose,  of  experiment.  It  is  a  white  metal,  which, 
when  healed  in  the  air,  takes fireand  burns,  combining  with  die  oxygen 
of  the  aimosiAere,  and.  forming  magnesia.  It  is  not  known  to  occur  in 
nature  in  an  elementary  form,  and  therefore  is  not  supposed  directly  to 
influence  vegetation. 

6°.  Chloride  of  MagTUsiiim. — When  calcined  or  carbonated  magne- 
eia  is  dissolved  in  muriatic  acid,  and  the  solution  evaporated  lo  dryness, 
a  white  mass  is  obtained  which  is  a  ckloride  of  magnesium,  consisting  of 
magnesium  and  chlorine  only.  This  compound  occurs  not  un fret) uenily 
in  the  soil,  associated  with  chloride  of  caldum.  It  is  met  with  also  in 
ihe  ash  of  plants,  while  in  sea  water,  and  in  lliat  of  some  salt  lakes,  il 
esists  in  very  considerable  (|uanttty.  .  Thus  100  parts  of  the  water  of 
the  Atlaniie  have  been  fiiund  to  contain  3i  of  chloride  of  magnesium, 
■while  that  of  the  Dead  Sea  yields  about  24  parts  of  this  compound.* 
Hence  il  is  preseut  in  great  abundance  in  the  mother  liijuor  of  the  salt 
pans,  and  it  is  from  the  refuse  chloride  in  this  liquor  that  the  magnesia 
of  the  shops,  as  above  stated,  is  frequently  prepared. 

The  chloride  of  magnesium  has  not  hitherto  been  made  the  subject  of 
direct  experiment  as  a  fertilizer  of  the  land.  From  the  fact,  however, 
ihal.  plants  require  much  magnesia  and  soma  chlorine,  there  is  reason  to 
believe  thai,  if  cautiously  applied,  il  might  prove  beneficial  in  some  soils, 
and  especially  to  grain  croi>s.     Its  extreme  solubility  in  water,  however, 

"  -'-  -  use  of  caution  in  its  application.     The  safest  method  is  to 

llic  watur  of  tlie  Dcail  Sea  conlalr.  ifsii  otiout  It^  of  shlorirjo  of  calcium, 
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dissolve  it  in  a  large  qunnllty  of  wafer,  anil  to  apjily  i)  to  the  young 
piani  by  means  of  a  waier-eart.  In  this  way  the  refuse  of  ihe  salt 
works  tniglit,  in  some  lopalities,  be  made  available  to  useful  purjuiaes. 

TlieebioriJe  of  magnesium  is  tl  ecu  m  posed  both  by  quick-lime  on  J  by 
carlKinale  of  lime;  hence  tvhen  applied  lo  a  sujl  cootainiiig  lime  it 
either  of  lb ese  states,  chloride  of  calcium  and  eausiic  or  carbonaiedmog 
nesia  will  be  produced. 

7°.  Nilrale  of  Magnesia  is  formed  by  dissolving  carbonaie  of  magne 
BJa  in  nilric  acid. and  evaporating  the  solution.  It  attracts  moisture  from 
the  air  with  great  rapidity,  and  runs  inio  a  liquid.  It  is  probably  formed 
naturally  in  soils  coDtaining  magnesia,  in  the  same  way  as  nitrate  of 
lime  is  known  to  be  produced  in  aoils  containing  lime.  [See  Lecture 
VIII.,  p.  159]  No  direct  experimenls  have  yet  been  made  as  lo  lis 
effecls  upon  vegeialion  ;  but  ihere.  can  be  no  doubt  thai  it  would  prove 
highly  beneficial,  could  it  be  procured  at  a  sufflcienlly  cheap  rate  to  ad- 
mit of  its  economical  application  lo  the  land. 

8",  Sulphate  of  Magnesia — the  common  Epeom  salts  of  the  shops — 
Is  formed  by  dissolving  carbonate  of  magnesia  in  diluted  sulphuric  acid. 
Il  exists  in  nearly  all  soils  which  are  formed  from,  or  are  siluaied  in, 
the  neighbourhood  of  rocks  containing  magnesia.  In  some  soils  it  is  so 
abundant  thai  in  dry  wealber  it  forms  a  while  efflorescence  on  the  sur- 
face. Thia  has  been  observed  to  take  place  in  Bohemia,  Hungary,  and 
parts  (if  Germany,  and  it  may  be  frequently  seen  in  warm  summer 
weather  in  the  neiglibourhood  of  Durham.* 

This  salt  has  been  found  by  Sprengel  fo  act  upon  vegeialion  precisely 
in  the  same  way  as  gypsum  does,  and  on  the  same  kind  of  plants,  ft 
must  be  used,  however,  in  smaller  quantity,  owing  to  its  great  solubili- 
ty. Its  higher  price  will  prevent  iis  ever  being  substitvted  for  gypsum, 
as  a  top-dressing  for  clover,  &c.,  but  it  Is  worlh  the  trial,  whether  corn 
planls,  tie  grain  of  which  contains  much  magnesia,  might  not  be  hene- 
6(ied  by  ihe  application  of  a  small  quantity  of  this  sulphate — along  with 
ench  ofher  substances  as  are  capable  of  yielding  the  remaining  conaiit- 
uenis  which  compose  (he  inorganic  luatfer  of  the  grain.  Its  price  la  not 
foo  high  to  admit  of  ihis  more  restricted  application. f 

9°.  Phosphate  of  Magnesia. — Magnesia  esisis  in  combination  with 
phosphoric  acid,  in  the  solids  and  fluids  of  all  animals,  though  not  so 
abundantly  as  the  phosjihaies  of  lime.  In  most  soils  phosphate  of  mag- 
nesia Is  probable  present  in  minute  quantity,  since  in  the  ashes  of  some 
varieties  of  grain  it  is  found  in  very  considerable  pmporlion. 

lis  action  upon  vegetation  has  never  been  tried  directly,  but  as  it 
eiisis  in  urine,  and  in  most  animal  manures,  a  portion  of  iheir  efficacy 
may  be  due  lo  its  presence.  In  turf  ashes,  which  often  prove  a  valua- 
ble manure,  il  is  sometimes  met  with  in  appreciable  qnantiiy.  and  their 
beneficial  operalbn  in  such  eases  has  been  attributed  in  part  lo  the  agen* 
cy  of  Uiis  phosphate. 


.  Aluminium  is  aoolher  of  those  rare  and  Utile  known  mfilals,  the 
8  of  which  was  established  hy  Sir  H.  Davy.  In  combination 
with  oxygen  it  forma  alamma,  and  in  this  stale  it  exists  in  such  ahun- 
(3anco  in  nature,  as  to  form  a  large  pt  -tiou  of  the  entire  cruat  of  the 

2°.  Alumina,  the  earth  of  Alum. — When  common  alum  is  dissolved 
in  water,  eod  a  soluuon  of  carbonate  of  soda  or  of  ammonia  is  added  to 
ii,  a  bulky  while  powder  falls,  which,  when  collected  on  a  filler,  well 
"washed  and  dried,  is  nearly  pure  alumina.  This  Bubslanue  occurs  on 
iho  surface  of  the  earth  in  a  pore  state  only  in  some  rare  jninerals,  such 
as  the  corundum,  the  sapphite,  and  the  ruby, — hut  it  constitutes  a  largi> 
projiortion  of  all  the  slaty  and  shaley  rocks.  It  is  the  principal  ingre- 
dient also  of  ail  clays  (pipe-clay  for  example)  and  clayey  soils,  which 
increase  in  tenacity  in  proportion  lothe  quantity  of  alumtnathey  contain. 

When  pure,  it  is  a  white  tasteless  earthy  substance,  which  adheres  to 
ihe  tongue,  has  a  density  of  2-00,  and  is  insoluble  in  water,  but  dissolves 
readily  in  caustic  potash  and  soda  and  in  m<}st  acids,  at  least  when  new- 
ly thrown  down  from  a  solution  of  altun-  When  heated  to  redness, 
however,  it  becomes  bard  and  dense,  as  in  burned  clay  and  fire  bricks, 
and  can  [hen  only  be  dissolved  with  esiretne  difficulty,  even  by  the 
strongest  acids.  Though  it  exists  so  largely  in  the  soil,  it  contributes 
but  little  in  a  direct  manner  to  the  naariahMent  of  plants.  The  ash  (hey 
leave  contains  in  general  but  a  very  small  per-oentage  of  alumina,  as 
will  more  clearly  appear  hereafter, — the  principal  agency,  therefore,  of 
this  ingredient  of  the  soil  is  most  probably  of  an  indirect,  perhaps  of  a 
mechanical  kind. 

It  has  been  stated  in  a  preceding  Lecture  {p.  23),  that  charcoal  hos 
the  property  of  absorbing  gaseous  substances,  such  as  ammonia,  from 
the  atmosphere,  and  that  the  action  of  charcoal  powder,  in  promoiing 
vegetation,  has  been  in  a  great  measure  ascribed  to  this  properly.  The 
same  property,  we  have  also  seen  (p.  136),  is  ascribed  to  gypsum,  and 
hence  its  fertilizing  action  has  been  explainod  in  asimilar  way.  Alum- 
ina is  said  to  be  equally  absorbent  of  ammonia;  and  the  use  of  burned 
clay  as  a  top-dressing,  so  strongly  recommended  by  General  Beatson, 
[iV'sMi  SyHeia  of  Cidlivation,  London,  1320.]  is  ascribed  to  its  power 
of  abstract ing  ammonia  fnaiii  the  air,  and  fixing  it  in  the  soil  ready  to  be 
conveyed  by  the  rains  to  the  roots  of  the  plants  that  grow  upon  it  [Liebig, 
p.  90.]  It  has  been  already  shown  (p.  136,)  that  this  mode  of  ac- 
counting for  the  action  of  gypsom  is  not  satisfactory  as  a  sde  cause — in 
ihe  case  of  alumina,  the  fact  of  its  alisorbing  ammonia  is  hypol helical,* 
and  therefore  the  explaoation  founded  upon  this  fact  is  not  to  be  impll- 
eidy  relied  upoD. 

3°.  Sulphate  of  Aluinina — When  alumina  is  digested  in  diluted  sul  ■ 
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pliuvic  acid,  it  reailily  dissolves,  Jinci  forms  a  solution  of  sulphate  of 
alumina.  Thia  solution  is  characterized  by  a  remarkable  and  almost 
peculiar  sweetish  astringent  taste.  "When  evaporated  to  drynessit  yields 
a  white  salt,  which  dissolves  in  twice  its  weight  of  water  only,  and  when 
exposed  to  the  air,  attracts  moisture  rapidly,  and  spontaneously  runs  to 
a  liquid.  This  salt  exists  in  some  soils,  especially  in  those  of  wef, 
marshy,  and  peaty  lands. 

No  experiments  have  yet  been  made  with  the  view  of  determining  its 
direct  influence  upon  vegetation. 

4°.  Phosphates  of  Alumina. — In  combination  with  phosphoric  acid, 
alumina  forms  one  compound  well  known  to  mineralogists,  lly  the  name 
(i(  wavellite.  This  mineral,  however,  occurs  in  too  small  quantity  to  be 
an  object  of  interest  to  the  agriculturist. 

Phosphoric  acid  is  disseminated  in  some  form  or  other  ihroughout  our 
clayey  soils,  though  in  very  small  and  variable  quantity.  It  is  moat 
])ruhable  that  in  these  soils  a  portion  of  th@  acid  at  least  is  in  combina- 
tion with  the  aluinina  in  the  stale  of  phosphate.  One  of  the  most  diffi- 
cult problems  in  analytical  chemistry  is  to  effecl  a  perfect  separation  of  a 
small  proportion  of  phosphoric  acid  from  alumina,  and  rigorously  to  esti- 
mate ita  quantity ;  hence  in  the  greater  part  of  (he  analyses  of  soils  hitherto 
published,  this  most  important  ingredient  in  a  fertile  soil  (the  phosphoric 
acid),  when  ia  combination  with,  or  in  presence  of  alumina,  has  either 
been  altogether  neglected,  or  rudely  guessed  at,  or  indicated  by  a  rough 
approximation  only.  We  have  no  direct  proof,  therefore,  of  the  extent 
to  which  the  phosphates  of  alumina  exist  in  different  soils. 

5".  Alum- — The  common  alum  of  the  shops  owes  its  well  known 
sweetish  astringent  taste  to  the  presence  of  the  above  sulphate  of  alumi- 
na. It  consists  in  100  pans  of  about  40  of  sulphate  of  alumina,  14i  of 
potash,  [described  p.  189,1  and  45j  of  water.  Alum  is  formed  naturally 
on  many  parts  of  the  earili's  surface,  especially  as  an  efflorescence  on 
certain  soils,  and  on  some  rocks  when  exposed  to  (he  air, — as  on  (he 
alum  shales  of  the  Yorkshire  coast.  I(  is  largely  manufactured  by  cal- 
cining, and  afterwards  washing  these  alum  shales. 

Alum  has  not  been  extensively  tried  as  a  manure.  Its  composition, 
however,  would  lead  us  to  expect  it  to  exert  a  beneficial  influence  on  (he 
growth  of  many  plants — while  the  price,  especially  of  the  less  pure  va- 
rieties, is  such  as  to  admit  of  its  being  ap[;lied  to  the  land  at  a  compara- 
tively small  cos^  From  some  experiments  made  on  a  small  scale, 
Sprenjel  considers  it  highly  worthy  the  attention  of  the  practical  agri 
cuUurist. 


1°.  Siiica.— The  chief  ingredient  in 
sands  and  sandy  soils,  is  known  tocher 
are  nearly  pure  silex  or  silica — common  qiiafiz  rock  is  another  form  of 
the  same  substance — while  the  colourless  and  more  or  less  transparent 
varieties  of  rock  crystal  and  chalcedony  present  it  in  a  stale  bt  almost 
perfect  purity-  It  exists  abundantly  in  almost  all  foils  constituting 
what  is  called  tlieir  sUiceous  ]iortion,  and  is  found  in  the  aaliLS  of  all 
plants  without  exception,  but  especially  in  those  of  the  grasses      Silica 
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is  wiihout  colour,  lasle,  or  smell,  aod  cannot  be  melted  liy  the  sirongest 
heal.  As  it  occurs  in  ihe  mineral  kingdom — in  the  slate  of  flini,  of 
f[uariz,  or  of  sand — it  is  perfectly  insoluble  in  pure  water,  either  cold  or 
hot,  does  not  dissolve  in  acid  and  very  slowly  in  alkaline  solutions. 
When  mixed  wi(h  potash,  soda,  or  lime,  anil  heated  in  a  crucible  lo  a 
high  temperature,  it  melts  and  forms  a  glasa.  Windoio  and  piale  glass 
consists  chiefly  of  silica,  lime,  and  soda,  fiinl  glass  contains  litharge 
[oxide  of  lead]  in  place  of  the  lime.  But  though  the  various  forms  of 
more  or  less  pure  silica,  which  are  met  with  in  the  mineral  kingdom, 
are  absolutely  insoluble  in  water,  yet  it  sometimes  occurs  in  nature,  and 
can  readily  be  prepared  in  a  stale  in  which  pure  waier,  and  even  acid 
Bolniions,  will  lake  it  up  in  considerable  (juantity.  In  this  state  it  may 
be  oblained  by  reducing  crown-glass  to  a  fine  powder,  and  digesting  it 
in  strong  muriatic  acid,  or  by  meliiug  quartz  sand  in  a  large  quantity  of 
potash  or  sod^.and  afterwards  iref'ng  the  glass  that  is  formed  with  di- 
luted muriatic  acid. 

Silica  is  one  of  the  most  abunda,  i  substances  in  nature,  and  in  i^om- 
binaiion  wiih  potash,  soda,  lime,  inagnesia,  and  alumina,  it  forms  a 
large  portion  of  all  the  so-called  crystalline  (granitic,  basaltic,  &c.) 
rocks.  The  compounds  of  silica,  with  these  bases,  are  called  Micates. 
By  the  action  of  the  air,  and  other  causes,  these  silicates  undergo  decom- 
position, as  glass  does  when  digested  with  muriatic  acid,  and  the  silica 
IS  separated  in  the  soluble  state.  Hence  its  presence  in  considerable 
quantity  iu  the  waters  of  many  mineral  and  especially  hot  mineral 
springs,  and  in  appreciable  proportion  in  nearly  all  waters  that  risefrom 
auy  considerable  depth  beneath  the  surface,  or  have  made  their  way 
through  any  considerable  extent  of  soil. 

In  the  substance  of  living  vegetables  it  exists,  for  the  most  part,  in 
this  state  of  combLualion — as  well  as  in  the  form  of  an  extn  mely  deli- 
cate tissue,  of  which  the  fibres  are  exceedingly  tninute,  and  therefore 
expose  a  large  surface  to  the  action  of  any  decomposing  agent,  or  of  any 
liquid  capable  of  dissolving  it.  In  (he  compost  heaps  these  silicates 
undergo  decompositirn, — and  the  more  readily  the  less  they  have  been 
previously  dried,  or  the  greener  ihey  are, — and  (he  silica  of  the  plant  is 
liberated  in  a  soluble  slate.  Whether  or  not,  when  thus  liberated,  it 
will  be  carried,  v-iieomhined,  into  the  roots  of  the  plants  by  the  watci 
they  absorb,  will  depend  upon  the  qoaatity  of  potash  or  soda  in  the 
compost  or  in  the  soil,  and  upon  other  circumstances  hereafter  to  be 
explained. 

2°.  Silicon  is  known  only  in  the  state  of  a  dark  brown  powder,  which 
has  not  as  yet  been  met  with  in  nature  in  an  elememary  form,  and  is 
))repared  by  the  chemist  with  considerable  difficulty.  WHien  healed  in 
the  air,  or  in  oxygen  gaa,  it  burns,  combines  with  oxygen,  and  is  con- 
verted into  dlica.  SUica,  therefore,  in  its  various  forms,  is  a  compound 
of aihcoD  with  oxygen.  It  consists  of  48  percent,  of  the  former  and  53 
per  cent,  of  the  latter. 

3°.  Silicates  of  Potash,  and  Soda. — When  finely  powdered  ijuartz, 
flint,  or  sand,  is  mixed  wilh  from  one-half  lo  three  limes  iis  weight  of 
dry  carbonate  of  potash  or  soda,  and  exposed  lo  a  strong  heat  in  a  cruci- 
ble, it  readily  unites  with  the  potash  or  soda,  and  forms  a  glass.  This 
glass  is  a  silted  s  or  a  mixture  of  two  or  more  silicates  of  potash  or  soda. 
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Silica  combineB  willi  these  alkalies"  Id  various  proportions.  If  it  be 
melted  with  much  potash,  the  glass  obtained  will  be  readily  soluble  in 
water;  if  with  little,  the  silicate  which  is  formed  will  resist  the  aciioii 
of  water  for  any  length  of  time.  Window  and  plate-glass  eoniaia 
much  silicate  of  polash  or  soda.  A  large  quantity  of  alkali  renders 
these  varieties  of  glass  more  fusible  and  more  easiij-  worked,  but  at  ihe 
same  time  makes  them  more  susceptible  of  corrosion  or  tarnish  by  the 
action  of  the  air. 

The  insoluble  silicates  of  potash  and  soda  exist  also  in  many  mineral 
substances.  In  the  felspar  and  mica,  of  which  granite  in  a  great  mea- 
sure consists,  they  are  present  in  considerable  quantity.  The  former 
(lelsjjar)  contains  one-third  of  its  weight  of  an  insoluble  silicate  of  potash, 
consisting  of  nearly  enual  weights  of  potash  and  silica.  In  ihe  variety 
called  albite  or  deavelandUe,  silicate  of  soda  alone  is  found,  while  in 
some  other  varieties  a  mixture  of  both  silicates  is  present.  In  mica  from 
13  to  30  per  cent,  of  (he  same  silicate  of  potash  occurs,  but  soda  can 
rarely  be  detected  in  ibis  mineral.  The  trap-rocks  also  (whin,  basalt, 
green-stone),  so  abundant  in  many  parts  of  our  island,  consist  almost 
entirely  eXsilicaUs.  Among  these,  however,  the  silicates  of  potash  and 
soda  rarely  exceed  5  or  6  per  cent,  of  the  whole  weight  of  the  rock,  and 
are  ollen  entirely  absent. 

These  insoluble  silicates  also  exist  in  the  stems  and  leaves  of  nearly 
all  plants.  They  are  abundant  in  the  stems  of  the  grasses,  especially 
in  the  straw  of  the  cultivated  grains,  and  form  a  large  proportion  of  the 
aah  which  is  left  when  these  stems  are  burned  [p.  178.] 

It  is  important  to  the  agriculturist  to  understand  the  relation  which 
■be  carbonic  acid  of  the  atmosphere  bears  to  these  alkaline  silicates  which 
occur  in  the  tnineral  and  vegetable  kingdom.  Insoluble  as  they  are  in 
water,  Ihey  are  slowly  decomposed  by  the  united  action  of  the  moisture 
and  carbonic  acid  of  the  air,  the  latter  taking  the  potash  or  soda  from  the 
silica,  and  forming  carbonates  of  these  bases.  In  consequence  of  this 
decomposition  the  roek  disintegrates  and  crumbles  down,  while  the  so- 
luble carbonate  is  washed  down  by  the  rains  or  mists,  and  is  borne  to 
the  lower  grounds  to  enrich  the  alluvial  and  other  soils,  or  is  carried  by 
the  rivers  to  the  sea. 

In  soiiie  cases,  as  in  the  seller  felspar  of  some  of  the  Cornish  granites, 
this  decomposition  is  comparatively  rapid,  in  others,  as  in  the  Dartmoor 
and  many  of  ihe  Scottish  granites,  it  is  exceedingly  slow, — but  in  all 
cases  the  rock  crumbles  to  powder  long  before  the  whole  of  the  silicates 
are  decomposed,  so  that  polash  and  soda  are  always  present  in  greater 
or  less  quantity  in  graniiio  soils,  and  will  continue  to  be  separated  from 
Ihe  decaying  fragments  of  rock  for  an  indefinite  period  of. time. 

But  the  silica  of  the  felspar,  or  mica,  or  zeolitiof  trap,  when  thus  de- 
prived of  the  potash  with  which  it  was  combined,  is  in  that  peculiar  state, 
in  which,  as  above  described  [p.  206],  il  is  capable  of  being  dissolved 
in  small  quantity  by  pure  water,  and  more  largely  by  a  solution  of 
carbonate  of  polash  or  soda.    Hence  the  same  rains  or  mists  which  dis- 


solve  ihe  alltaline  carbonates  so  slowly  formed,  lake  up  also  a  portion  of 
the  silica,  and  convey  k  io  a  efalo  of  solution  lo  the  soils  or  to  the  rivers. 
Thus,  with  the  exception  of  the  dews  and  rains  which  fall  directly  from 
the  heavens,  few  of  the  supplies  of  water  by  which  plants  are  refreshed 
and  fed,  ever  rea^h  their  roots  entirely  free  from  silica,  in  a  form  in 
which  it  can  readily  enter  into  theic  roots,  and  be  Bppropriate<l  lo  tlieii 
Dourishment. 

In  the  farm-yard  and  the  com  post- heap,  where  vegetable  matters  are 
undergoing  decooo position,  the  sificates  they  contain  undergo  similar  de- 
compositions, and,  by  similar  chemical  changes  their  silica  is  rendered 
soluble,  and  thus  fined,  when  mixed  with  the  soil,  again  (o  minister  to 
the  wants  and  to  aid  the  growth  of  new  races  of  living  vegetables. 

4°'.  SUicaUs  of  lAme. — A  mixture  of  sand  or  flint  with  quick-lime 
readily  laelis  and  forms  a  glassy  silicate  or  a  mixture  of  two  or  more 
silicates  o£  lime.  These  silicates  are  also  present  in  large  quantity  in 
■window  and  plate-glass,  and  in  some  of  the  crystalline*  (granite  and 
trap)  rocks.  In  felspar  and  mica,  which  abound,  as  we  have  seen,  in 
the  alkaline  silicates,  it  is  rare  that  any  lime  can  be  delected.  In  that 
variety  of  granite,  however,  to  which  the  name  of  syenite  is  given  by 
mineralogists,  hornblende  takes  the  place  of  mica,  and  some  varieties  of 
this  hornblende  contain  from  20  to  36  per  cent,  of  silicate  of  lime.  This 
silicate  (containing  38  per  cent,  of  lime)  is  almost  always  present  in  the 
basaltic  acid  trap-rocks,  and  sometimes,  as  in  the  augiiicf  traps,  in  a 

Eroporiion  much  larger  than  that  in  which  it  exists  in  the  unmixed  bnrn- 
lende.  To  this  fact  we  shall  have  occasion  lo  revert  when  we  come 
10  consider  the  relative  fertility  of  difierent  soils  and  the  causes  on  which 
the  difference  of  their  several  productive  powers  most  probably  depends. 

Silicates  oC  lime  are  also  found  in  the  ssh,  and  prubably:t  exist  in  the 
living  stem  and  leaves  of  plants. 

Like  the  similar  compounds  of  potash  and  soda,  the  silicates  of  lime 
are  slowly  decomposed  by  the  united  agency  of  the  moisture  and  the 
carbonic  acid  of  the  atmosphere.  Carbonate  of  lime  is  formed,  and 
silica  is  set  at  liberty.  This  carbonate  of  lime  dissolves  in  the  rains  or 
deWs  which  descend  loaded  with  carbonic  acid,  [see  page  46,1  and  ilie 
same  waters  take  up  also  a  portion  of  the  soluble  silica  and  diffuse  both 
substances  uniformly  through  the  soil  in  which  the  decomposition  takes 
place,  or  bear  them  from  the  higher  grounds  to  the  rivers  and  plains. 
The  sparing  hut  constant  and  long-continued  supply  of  lime  thus  af- 
forded to  soils  which  rest  upon  decayed  trap,  or  wiiich  nre  -wholly  made 
up  of  Toiten  rock,  has  a  material  influence  upon  their  well-known  agri- 
cultural capabilities. 

5°.  Silicates  of  Magnesia. — In  combination  with  magnesia  in  difler- 
ent  proportions,  silica  forms  nearly  the  entire  mass  of  those  common 
minerals  known  hy  the  names  of  serpentine  and  talc.  In  hornblende 
also  and  augite,  silicates  of  magnesia  exist  in  considerable  quaniily. 
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They  must,  therefore,  be  present  id  greater  or  less  quantiiy  in  soils 
which  are  dirtdly  formed  from  the  decomposition  ol'  such  rocks.  Like 
the  silicates  of  lime,  however — tliough  more  slowly  than  theae — ihey 
will  undergo  gradual  decomposition  by  the  action  of  the  carbonic  acid 
oflhe  atmosphere,  and  of  the  acids  produced  in  the  soil  by  vegetation 
and  by  the  decay  of  organic  matter.  The  magnesia,  like  the  lime,  -wilt 
thus  be  gradually  brought  down,  in  a  stale  o(  solution  (p.  200),  from  the 
higher  grounds,  or  washed  out  of  the  soil,  till  at  leoglh  it  may  w}iolly 
disappear  from  any  given  spot.* 

6°.  Silieaies  of  Alumina. — Silica  combines  wifhalumiua  also  in  vari- 
ous proportions,  forming  silicates,  which  exisl  abundantly  in  nature  in 
the  crystalline  rocks,  and  may  also,  like  the  other  silicates,  be  formed 
by  an.  Felspar,  tnica,  horobtende,  and  the  augiies,  which  abound  in 
ihc  Irap-rocks,  all  contain  much  alumina  in  combination  with  silica,  and 
we  shall  probably  not  be  very  far  from  the  truth  in  assuming  that  up- 
wards of  one-half  by  weight  of  the  irap-rocks  in  general — as  welJ  as  of 
the  hornijiendes,  micas,  and  felspars,  of  which  so  large  a  part  of  the 
granitic  rocks  is  composed — consistsof  silicates  of  alumina.  The  alu- 
mina itself  in  these  several  minerals  varies  from  11  to  39  per  cent.,  but 
generally  averages  about  20  per  cent,  of  their  entire  weight. 

These  silicates,  -when  ihey  occur  atone,  unmixed  or  uncombined  with 
other  silicates,  decompose  very  slowly  by  the  action  of  the  atmosphere. 
They  disintegrate,  however,  and  fall  to  powder,  when  the  alkaline  sili- 
cates with  which  ihey  are  associated  in  felspar,  &c.,  are  decomposed  and 
removed  by  atmospheric  causes.  In  this  way  ihe  de[iosii3  of  porcelain 
clay,  so  common  in  Cornwall  aud  in  olher  counlries,  have  been  pro- 
duced from  the  disiniegralion  of  ihe  felspalhic  rocks,  and  the  clayey  soils 
which  occur  in  granite  districts  have  not  unfre(]uenlly  had  a  similar  origi.l. 

"When  contained  in  the  soil,  the  sllicaies  of  aliiiTOna  undergo  a  slow 
decamposi\ion  from  the  action  of  (he  various  acid  substances  to  which  they 
are  exposed.  A  portion  of  their  alumina  is  dissolved  and  separated  by 
these  acids,  and  in  this  soluble  stale  is  either  conveyed  to  the  roots  of 
plants  or  is  washed  from  the  soil  by  the  raios — or  by  the  waters  that 
arise  from  beneath. 

The  ash  of  plants  contains  only  a  very  small  proportion  of  alumina, 
yet  even  this  small  quantity  ihey  cannot  derive  from  the  silicates  of  this 
substance,  since  these  are  al)  insoluble  in  waler — as  alumina  ilself  is. 
They  obtain  ii,  therefore,  from  some  of  those  soluble  compounds  of  alu- 
mina of  which  r  have  spoken  as  being  either  occasionally  present  (pp. 
204-5),  or  as  being  naturally  formed  in  the  soil. 

General  rtmarlzs  on  tSiese  SilicaUs, — Of  all  these  silicates  it  may  be 
remarked  in  genera! — 

1°.  That  besides  existing  in  the  minerals  above-mentioned,  and  from 
which  they  are  conveyed  into  the  soil,  they  are  also  slowly  formed  in  the 
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soil  tself,  when  ihe  ingredients  of  which  they  severally  consist  are  na- 
turally preseot  io,  or  are  ariificially  added  to,  the  soil.  Hence,  the  ail- 
dition  of  potash  or  soda  to  the  land  may  cause  the  production  of  sili- 
cates of  ihese  alkalies — probably  soluble  silicates — which  water  will 
be  capable  of  dissolving  and  bearing  to  the  extremities  of  the  roots. 
Hence  also,  in  a  sandy  soil,  the  addition  of  lime  may  give  rise  to  the 
production  of  insoluble  silicates  of  this  earth, — and  the  beneficial  effect 
of  the  lime  upon  the  land  may  ihus  sooner  cease  to  ha  observable  than 
in  soils  of  a  different  character,  where  it  is  not  so  liable  to  be  locked  up 
in  an,  insoluble  state  of  combination;  and 

2°.  That  with  the  exception  of  those  of  potash  and  soda,  which  con- 
lain  much  alkali,  these  silicates  are  al!  insoluble  in  water,  and  thus  not 
directly  available  to  the  nutrition  of  plants.  Except  those  of  alumina, 
however,  they  are  all  slowly  decomposed  by  atmospheric  agents,  and 
their  constituent  elements  thus  brought,  to  a  certain  extent,  within  thi* 
reach  of  plants;  while,  without  exception,  ihey  are  all  capable  of  de- 
compodtion  in  ihe  soil  by  the  agency  of  the  acid  substances,  chiefly  or- 
ganic, which  there  exist,  or  which  are  produced  during  the  growth  and 
decay  of  vegetable  substances.  From  this  latter  source,  the  chief  supply 
ofthe  ingredients  contained  in  the  silicates,  is,  in  most  soils,  derived  by 
living  plants. 

To  this  cause  is  aiiributed  the  surprising  effect  often  observed  to  fol- 
low from  the  addition  of  vegetable  matter  to  a  sandy  soil  on  which  a 
previous  addition  of  lime  had  ceased  to  produce  any  further  beneficial 
effect.  The  organic  acids  formed  by  the  vegetable  matter  during  its  de- 
cay decompose  the  silicates  of  lime  previously  produced,  and  thus  liber- 
ate the  hme.from  its  insoluble  slate  of  combination.  But  when  the  sili- 
cates have  been  all  decomposed  by  this  agency,  the  further  addition  of  ve- 
getable matter  ceases  necessarily  to  prod  uce  the  same  remarkable  effects. 


1°.  Oxides  of  Iron. — It  is  well  known  that  when  metallic  iron  is  ex- 
posed to  moist  air,  it  gradually  rusts  and  becomes  covered  with,  or  whol- 
ly changed  into,  a  crumbhng  ochrey  mass  of  a  reddish  brown  colour. 
This  powder  is  a  compound  of  iron  and  oxygen  only,  containing  69  J  per 
cent,  ofthe  former,  and  30|  per  cent,  of  the  latter. 

When  iron  is  heated  in  the  smith's  forge,  anil  then  beat  on  the  anvil,  a 
ecale  flies  off*  which  is  of  a  black  colour,  and  when  crushed  gives  a  black 
powder.  This  also  consists  of  iron  and  oxygen  only,  but  the  proportion 
of  oxygeti  is  not  so  great  as  in  the  red  powder  above  described.  In  both 
cases  the  iron  has  derived  its  oxygen  from  the  atmosphere. 

To  these  compounds  of  iron,  with  oxygen,  the  name  ofoindes  is  given. 
There  are  only  two  which  are  of  interest  lo  the  agricultiirist,  namely. 
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Bolh  of  these  ex  at  abundantly  in  nature,  and  are  present  li>  a  greater 
or  less  extent  in  all  soils.  The  second  or  jJ«T-oside,  however,  is  by  far 
llio  most  abundant  on  the  earth's  surface,  and  the  reddish  colour  obser- 
vable in  90  tnany  soils  is  principally  due  to  the  presence  of  this  oxide. 

The  first  oxide  rarely  occurs  in  the  soil  except  in  a  state  of  combioa- 
lion  wiih  some  acid  subsiance, — and  so  strong  is  its  tendency  to  combine 
with  more  oxygen,  that  when  exposed  to  the  air,  even  in  a  state  of  com- 
bination, it  rapidly  absorbs  this  element  from  the  atmosphere  and 
ciioiigesinlo  per-oxide.  This  change  is  observable  in  all  chalybeate 
springs,  in  wliich,  as  they  rise  to  the  surface,  the  iron  is  generally  held 
in  solution  in  the  slate  of  the  first  oxide-  After  a  brief  exposure  to  the 
air,  more  oxygen  is  absorbed,  and  n.  reddish  pellicle  is  formed  on  the 
surface,  which  s;radually  fails  and  coals  the  channel  along  which  the 
waier  runs,  with  a  reddish  sedimenl  of  insoluble  per-oxide. 

Both  oxides  are  insoluble  in  pure  water,  and  both  dissolve  in  wafer 
containing  acids  in  solution.  The  first  oxide,  however,  dissolves  in 
niueh  greater  quantity  in  the  same  weight  of  acid,  and  it  is  the  com- 
pounds of  this  oxide  which  are  usually  present  in  the  soil,  and  which,  in 
bofiffy  lands,  prove  so  injurious  to  vegetation.* 

The  second  Glide  possesses  two  properties  which,  in  connection  with 
practical  agriculture,  are  not  void  of  some  degree  of  importance. 

i°.  In  a  soil  which  contains  nincb  vegetable  matter  in  a  stale  of  de- 
cay, the  per-oxide  is  fi^uently  deprived  of  one-third  of  its  oxygen  by 
the  carbonaceous  matter,f  and  is  thus  converted  into  the  first  oxide 
wliich  readily  dissolves  in  any  of  the  acid  substances  with  wliich  it  may 
bo  in  contact.  In  this  state  w  combination  it  is  more  or  less  soluble  in 
water,  and  in  some, localities  may  be  brought  to  the  roots  of  plants  in 
such  <|uaniiiy  as  to  prove  injurious  to  their  growth. 

2".  The  red  oxide  of  iron  is  said,  like  alumina  (p.  197),  to  have  the 
property  of  absorbing  ammonia,  and  probably  other  gaseous  substances 
and  vapours,  from  the  atmosphere  and  from  the  soil.  In  that  which 
occurs  in  nature,  either  in  the  soil  or  near  the  surface  of  mineral  veins, 
traces  of  ammonia  can  generally  be  detected.  Since  then  ammonia  ia 
so  beneficial — according  to  some  so  indispensably  net^essary — to  vegela- 
lion,  the  properly  which  the  per-oxide  of  iron  possesses  of  retaining  this 
ammonia  when  it  would  otherwise  escape  from  the  soil,  or  of  absorbing 
it  from  the  atmosphere,  and  thus  bringing  it  within  the  reach  of  plants, 
must  also  be  indirectly  favourable  to  vegetation — where  the  soil  contains 
it  in  any  considerable  quantity. 

An  important  practical  precept  is  also  to  be  drawn  from  these  two  pro- 
perties of  this  oxide.  A  red  irony  soil,  to  which  manure  is  added, 
should  be  frequently  turned  over,  and  should  be  kept  loose  and  per\'iou3 
to  the  air,  in  order  that  the  formation  of  prol-oxide  (first  oxide)  may  be 
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prevented  aa  muck  as  possible ;  and  it  may  occasionally  he 
fallowed  wilt  advaatage,  in  order  also  (hat  the  per-onide  may  absorb 
from  the  air  those  volatile  Buhstances  which  are  likely  to  prove  benefi- 
cial Co  the  growtii  of  the  future  eroos. 

2°.  Sulphurets  of  Iron. — Iron 
in  two  proportions,  forming  a  s 
consist  respectively — 

Iron.  Sulphur.       SvmboL 

Thesulphuret  .     .     .     63-77         37-23         Fe  S 
Thebi-aulphuretof    .     45-74         54-26         Fe  S^ 
aod  are  both  tasteless  and  insoluble  in  water. 

1".  The  first  of  these,  the  sulphiirot  (Fe  S),  occurs  occasionally  in 
hoggy  and  marshy  soils,  in  which  sails  of  iron  exist,  or  into  which  (hey 
are  carried  by  rains  or  springs.  It  is  not  itself  directly  injurious  to  vege- 
tation, but  when  exposed  to  the  air  it  absorbs  oxygen  and  forms  sulphate 
r>(  imn,  which,-  when  present  in  Eufficient  quantity,  is  eminenlly  so.* 
.  The  bi-sidpkuret,  or  common  iron  pyrites  (Fe  S^),  is  exceedingly 


which  many  varieties  emit  while  burning.  It  generally  presents  iiself 
in  masses  of  a  yellow  colour  and  metallic  lustre,  mora  or  less  perfectly 
crystallized  in  cubical  forms,  so  brittle  and  hard  as  to  strike  fire  wiih 
steel,  and  of  a  specific  gravity  four  and  a  half  limes  greater  ihan  that  of 
water  (Sp.  gr.  4,  5).  when  healed  in  close  vessels  it  parts  with  nearljr 
one-half  of  its  sulphur,  and  hence  is  often  distilled  for  the  sulphur  it 

In  the  air  it  absorbs  oxygen,  in  some  cases — as  in  ihe  waste  coal 
heaps — with  such  rapidity  as  to  beat,  take  fire,  and  burn.  By  this  ab- 
sorption of  oxygen  (oxidation),  sniphuric  acid  and  sulphate  of  iron  are 
produced.  In  the  aiom  shales  the  iron  pyrites  abounds,  and  these  are 
often  burned  for  the  purpose  of  converting  ihe  sulphur  and  sulpboric 
acid  for  the  subsequent  manufacture  of  alum. 

3°.  Svlpkates  of  Iron Of  the  sulphates  of  iron  which  are  known, 

there  is  otily  one — the  common  greeniiilriol  of  the  shops — that  occurs  in 
the  soil  in  any  considerable  quantity.  There  are  few  soils,  perhaps,  in 
which  its  presence  may  not  be  delected,  though  it  is  in  bogs  and  marshy 
places  that  it  is  most  generally  and  most  abundantly  met  wilh.  It  is 
ofien  exceedingly  injurious  to  vegetation  in  such  localities,  but  it  is  de- 
coiniiosed  by  quick-lime,  by  chalk,  and  by  all  varieties  of  marl,  and 
thus  its  noxious  effects  may  in  general  be  entirely  prevented.  To  soils 
which  abound  iii  lime,  ii  may  eveo  be  applied  wiib  a  beneficial  effect. 

When  a  solution  of  this  salt  is  exposed  to  the  air  it  speedily  becomes 
covered  with  a  pellicle  of  a  yellow  ochrey  colour,  wbich  afterwards  falls 
as  a  yellow  sediment.  This  sediment  consists  of  pe)--oxide  of  iron,  con- 
taining a  little  sulphuric  acid ;  hut  by  the  separation  of  this  oxide  the 
sulphuric  acid  is  left  in  excess  in  the  solution,  which  becomes  sour,  and 
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watem  impregnated  with  iron  are  genenlly  more  or  less  in  this  acid 
state,  and  lime,  chalk,  aud  marl  wilh  pprfect  drainage,  are  the  only 
available  means  by  which  auch  lands  c-ia  be  sweetened  and  rendered 

When  iron  pyrites  is  exposed  to  (he  air  it  slowly  abwirbs  oxygen,  and  is 
coavetled  into  suipAate  of  iron  and  aulphunc  acid  ,  onlheolher  hand,  the 
sonr  solution  above  mentioned,  when  placed  in  contact  with  vegetable 
matter,  where  the  air  is  excluded,  parts  with  its  oxygen  to  the  decaying 
carbtinaceous  matter,  and  is  again  convened  into  iron  pyrites.  These 
two  opposite  processes  are  both  continually  in  progress  in  nature,  and 
often  in  the  same  locality, — the  one  on  the  surface,  where  air  ia  present ; 
the  other  in  the  subsoil,  where  the  air  ia  excluded. 

4".  Carbonates  of  Iron. — When  a  solution  of  the  sulphate  of  iron, 
above  described,  is  mised  with  one  of  carbonate  of  soda,  a  yellow  powder 
falls,  which  is  carbonate  of  iron.  This  carbonate  ia  found  abundantly  in 
nature.  It  is  the  slate  iowhich  the  iron  exists  ia  the  ore  (clay-iron  ore,) 
from  which  this  metal  is  so  largely  extracted  in  our  iron  furnaces,  and 
in  the  similar  ore  often  found  in  the  subsoil  of  boggy  places,  which  is 
distinguished  by  ihe  name  of  bog-iron  ore. 

Like  the  carbonate  of  lime,  it  is  insoluble  in  water,  but  dissolves  with 
considerable  readiness  in  water  charged  with  carbonic  acid.  In  this 
siaie  of  solutbn  it  issues  from  the  earth  in  most  of  our  chalybeate  springs, 
and  it  is  owing  to  ihe  escape  of  the  excess  of  carbonic  acid  from  the 
water,  when  it  reaches  the  open  air,  that  the  yeilow  deposit  of  carbonate 
of  iron  more  or  less  speedily  falls. 

The  carbonate  of  iron,  being  insoluble  in  water,  cannot  be  directly  in- 
jurious to  vegetation.  When  exposed  to  the  air  it  gradually  pans  with 
its  carbonic  acid,  and  is  convened  into  per-oxide  of  iron. 

The  ash  of  nearly  all  plants  contains  a  more  or  leas  appreciable  quan- 
tity of  oxide  of  iron.  Tliis  may  have  entered  into  the  roots  either  in  the 
slate  of  soluble  sulphate  or  of  carbonate  dissolved  in  carbonic  acid,  or  of 
sonic  other  of  those  numerous  soluble  compounds  of  iron  with  organic 
acids,  which  may  he  expected  lo  be  occasionally  present  in  the  soil. 


1°.  Manganese  is  a  metal  which,  in  nature,  is  very  frequently  assO' 
elated  wjih~iron  in  its  various  ores.  It  also  Tesembies  this  metal  ii 
many  of  its  properties.  In  t!ie  metallic  stale,  however,  it  is  not  an  oh 
ject  of  manufacture,  nor  is  it  used  for  any  purpose  in  the  aria. 

2".  Oxides  of  Manganese.— Manganese  combines  with  oxygen  ir 
several  propoctions.  The  first  oxide  is  of  a  light  green  cohiur,  ihe  se 
cond  and  third  are  black.     The  first  is  not  known  lo  occur  in  nature  ii 
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ores  of  manganese,  and  are  extensively  diffused,  though  in  small  quan- 
tity, through  nearly  all  soils.  They  are  all  insolable  in  water,  but  the 
two  former  dissolve  in  acids  and  form  salts.  Traces  of  these  two  oxides 
are  also  to  bo  detected  in  the  ash  of  nearly  all  plants, 

3°.   Chloride,    Carbonate,  and  Sulphate  of  Manganese. — If  any  of 
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cid  a  Bolulion  of  chloride  of  n 


these  oxiileB  bo  dissolved  in  . 
ganese  will  be  obtained. 

If  tbis  solution  of  chloride  of  manganese  be  mixed  with  one  of  ear- 
boiiaie  of  soda,  a  while  insoluble  powder  will  fall,  which  is  carbonate  (if 
niaganesc. 

If  ibis  carbonate  be  dissolved  in  diluted  sulphuric  acid,  or  if  any  of 
the  oxide.s  be  digested  in  this  acid,  a  solution  of  sjdpkate  of  manganese 
■will  be  formed. 

The  carbonate  of  manganese,  and  its  oxides,  will  also  dissolve,  though 
more  slowly,  in  acetic  acid  (vinega.r),  and  in  other  organic  acids  which 
may  be  preseni  ia  the  soil,   and  will  form  with  them  other  soluble 

The  compounds  of  manganese  exist  ia  plants  in  much  less  quantity 
than  those  of  iron;  hut  as  its  oxides,  like  those  of  iron,  are  insoluble  in 
pure  water,  this  metal  most  likely  finds  its  way  into  the  state  of  one 
or  other  of  the  soluble  compounds  above  described. 


Having  in  the  preceding  section  briefly  described  the  several  compounds 


of  the  inorganic  cleiitenis  of  plants,  which  eitbi 
of  vegetable  substances,  or  are  supposed  lo 
may  prove  useful  hereafter;  if  I  exhibit  at  on 
cent,  of  the  various  oxides,  chlorides,  sulpburi 
to  which  I  have  had  occasion  to  direct  youi 
We  shall  have  occasion  to  refer  to  the  ni 
in  our  subsequent  calculations. 


o  the  conslilutiuu 
inister  (o  their  growth — it 
view  the  composition  per 
1,  and  oxygen-acid  salts,* 


n  the  following  tables 


1°. — Oxygen  per  cent,  in  Ike  oxides  of  the  inorganic  elements. 


Sulphuroi 
Sulphuric 
Phosphori 
Potash  . 
Soda  .     . 

Magnesia 


Alumina       .... 

Silica 

Prot-oxide  of  Iron 
Per-oxide  of  Iron  .     . 
Prot-oside  of  Mangane 
Sesqui-oxide         do.  . 
Per-oxide  do.  . 


51-96 
3a-77 
30'66 
!  22-43 
30-25 
36-64 


S°. — Ghlonne  or  Sulphur  per  a 


n  the  chlorides  and  stdphurels. 


Chloride  of  Potassium 


47-47 
GO-34 
63-38 
73-65 


Sulphurel  of  Potassiu 

Sodium     . 

Calcium    . 


Snlpliur 
per  cent. 
29-11 


t.  of  ike  Saline  comhinations  above.described. 


Actd. 

Base. 

W««. 

Carbonate  of  Poiash 

31-91 

68-09 

Bi-carbonale  of    do.           ■         ■         ■ 

4e'38 

51-63 

Sulphate  of          do.           ... 

45-93 

54-07 

Niiraieof              do.           ... 

53-44 

46-56 

Binosalateof       do.  (Salt  of  sorre'/)  . 

52-64 

34-29 

13-07 

Bimrlrate  of         do.  (Cream  of  tartar) 

70-28 

24-96 

4-76 

Phosphate  of        do.           ... 

43-06 

56-94 

Bi-jihosphale  of  do.           ... 

60-20 

39-80 

Carbonaleof  Soda  (dry)     .         . 

41-42 

58-58 

15-43 

21-81 

62-76 

Ri-carbonaie  of  Soda 

58-58 

41-42 

Nitrate  of            do.             ... 

03-40 

3660 

Sulfhateof         do.  (dry) 

56-ie 

'13-82 

24-85 

19-38 

55-77 

Phosphate  of      do.             ... 

53-30 

46-70 

BL-phoaphaleofdo. 

69-54 

30-46 

Carbonate  of  Lime    .... 

43-71 

56-29 

Suiphateof    do.     (Gypsum)     . 

46-31 
58-47 

3290 
41-53 

20-79 

Nitrate  of  Lime         .... 

65-54 

34-46 

Phosphate  of  Lime  (Apatite)     . 

45-52 

54-48 

IViH 

28-6-^ 

Earih  of  Bones           .... 

48-45 

51-55 

Carbonaie  of  Magnesia      . 

51-69 

48-31 

Bi-carhonate  of    do. 

68-15 

31-85 

Suiphateof           do,  (Epsom  salts)    . 

32-40 

16-70 

50-90 

Nitrate  of              do.           ... 

72-38 

27-62 

Phosphate  of     .do.           ... 

63-33 

36-67 

Suiphateof  Alumina 

70-07 

29-93 

Phosphate  of    do. 

67-57 

32-43 

Silicate  of  Potash  (soluble) 

49-46 

50-54 

Bi-silioate  of  do.         (do.) 

66-19 

33-81 

Silicate  of  Soda          (do.) 

59-63 

40-37 

Bi-siUcaie  of  do.          (do.) 

74-71 

25-29 

Silicate  of  Lime         .         .         . 

61-85 

38-15 

69-08 

30-92 

Alumina    . 

7a-95 

37-05 

Carbonate  of  Iron      .... 

38-63 

6137 

31-03 

97-19 

41-78 

Carbonate  of  Manganese    . 

38-27 

61-73 

Sulphate  of        do.          (crystallized) 

33-20 

39-64 

37^61 

)glc 


§  3-   On  the  relative  prc^rCions  of  the  different  inor ganie  com^outids 
present  in  iJte  a«A  oj'flanls. 

Having  thus  made  you  acquainted  wiih  the  genera!  properties  and 
com(JOHiiioQ  of  the  several  compound  sobsianeea  of  whicli  tlie  ash  of 
plants  consists,  we  now  advance  to  llie  consiilerDiion  of  the  relalwe  pro- 
portions m  which  these  snbstaDces  «xisc  in  the  ash  of  the  different  kinds 
of  plants  usually  cultivated  for  food. 

We  have  seen  (p.  l?8)  that  different  species  of  plants  leave  very  dif- 
ferent quanlilies  of  ash  when  burned ; — the  ash  left  by  different  species 
contains  also  the  above  earthy  and  aalioe- substances  in  very  unlike  pru- 
portions.  This  fact  has  already  been  stated  generally  (p.  180) ;  we  are 
now  to  illuslraie  it  more  fully,  and  lo  show  ibo  imporiaot  practical  de- 
ductions to  which  it  leads. 


Potash 2-25  lbs.       0-20  lbs. 

Soda 2-40  0-29 

Lime 096  2-40 

JMagnesia 0-90  0-32 

Alumina,  with  a  trace  of  Iron  0'26  0-90 

Silica 400  38'70 

Sulphuric  Acid      ....  050  0-37 

Phosphoric  Acid    ....  0-40  :-70 

Chlorine 0-10  0-30 

11-77  lbs.     35-181bs. 
If  the  produce  of  a  field  be  al  the  rale  per  acre  of  25  bushels  of 
wheat,  each  60  lbs.,  and  if  the  straw'  be  equal  to  twice  the  weight  of 
(he  grain,  tlie  quantity  of  each  reaped  per  acre  will  be 

lit: ::  S;  t  ["«» «p'"""  •"""■'"'■  ^ 

so  thai  the  quantity  of  the  different  inorganic  compounds  carried  off/rom 
the  soil  of  each  acre  will  be,  in  the  grain  i  more  than  is  represented  in 
the  second  column,  and  in  liie  elraw  3  tiroes  as  much  as  is  represented 
in  ihe  third  column. 


A  thousand  pounds  of  the  grain  of  bariey  (two-rowed,  hordeum  disli- 
cAon,)  leave  23i  lbs.,  and  of  the  ripe  dry  straw  52-42  lbs.  of  ash.     This  asli 
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Grap. 

eiraw. 

2-73  Iba. 

1-80  lbs 

2'90 

0'48 

1-06 

5-54 

1'80 

0-76 

0'25 

1-46 

Magnesia  .     . 
Alumina    .     . 
Oside  of  Iron. 
Oxide  of  Mangatiese 
Silica   ._   ■     ■    - 
Sulphuric  Acid  . 
Phosphoric  Acid 
Chlorine    .     .     . 

23-49  lbs.      52-49  lbs. 
If  the  produce  of  a  crop  of  barley  amount  (o  38  bushels  of  63  lbs.  each 
per  acre,  and  the  straw  exceed  the  grain  iu  weight  one-sixth,  the  weight 
of  each  reaped  per  acre  will  be  about 

and  the  inorganic  matters  carried  off  from  the  soil  by  each  will  be  ob- 
tained by  multiplying  those  coutainod  in  the  second  column  (above)  by 
2,  and  in  the  third  by  a^. 


In  1000  lbs.  of  the  grain  of  the  oat  are  contained  about  26  lbs.,  and  of 

the  dry  straw  about  574  lbs.  of  inorganic  matter,  consisting  of — 
Grain.  so-iw. 

Potash 1-50  lbs.        8-70  lbs. 

Soda 1-33  0-03 

Lime 0-86  i-52 

Magnesia 0-67  0-22 

Alumina 0-14  0-06 

Oxide  of  Iron  ....     0-40  0-02 

Oxide  of  Manganese     .     0-00  0-02 

Silica 19-76  45-88 

Sulphuric  Acid    .     .     .     0  35  -   0-79 
Phosphoric  Acid.     .     .     0-70  0-12 

Chlorine 0-10  0-05 

25-80  lbs.      57-40  lbs. 
If  anacreof  land  yield  50  bushels,  each  54  lbs.,ofoai8,  and  two-thirds* 
more  in  weight  of  straw,  there  will  be  reaped  per  acre. 

Of  ft'iw  3750  Ibl'l  \  <■""  "  '"-''"'  of »  '"'M'l 
and  the  weight  of  the  inorganic  mailers  carried  off  will  be  equal  to  2i 
tunes  the  quantities  cnniained  in  the  second  column,  and  3i  limes  those 
contained  in  the  third  column. 


a;>h,3Ic 


The  weight  of  asli  contained  ill  1000  lbs.  ufibe  grain  of  rye  Is  lOi  lbs., 
anduftliesiraw  28  lbs,     This  ash  consists  of 

ir's "^■^-  ss!r- 

Lime l'2a  1-78 

Magnesia 1'78  0'12 

Alumina 0-24?  ^^ 

Oxide  of  Iron.    .     .     .  0-43  J  "^ 

Oxide  of  Manganese     .  0-34  — 

Silica 1-64  22-97 

Sulp&uric  Acid   .     .     .  0-23  1-70 

Phosphodc  Acid       .     .  046  0-51 

Chlorine 0-09  0-17 

10-40  lbs.      27-93  lbs. 
Rye  is  remarkable  for  the  quanlily  of  straw  it  yields,  which  ia  oden 
fmm  3  to  4  times  the  weight  of  the  grain.     The  return  in  grain  reaches 
about  the  same  average  as  that  of  wheat.     From  an  acre  of  land  yield- 
ing a  crop  of  25  bushels,  each  54  Ihs.,  there  would  be  reaped 

Of  grain  1350  lbs. ;  of  straw  4000  lbs. ; 
(txe  whole  weight  of  inorganic  matters  contained  in  which  is  equal  lo  | 
more  than  is  represented  in  thcsecond  column,  added  to  4  tiroes  the  weights 
containeil  in  the  third  coluitin. 


The  ash  of  the  seed  and  straw  of  the  field  bean,  the  field  pea,  and  the 
common  vetch  {vida  saliva,)  'dried  in  the  air,  contains  in  1000  lbs.  the 
several  inorganic  compounds  in  the  following  praponions ; 


Potash     ....     4-15 

16-56 

S-XO 

2-35 

8-97 

18-10 

Soda  .....     8-16 

0-50 

7-39 

6-22 

0-52 

Lime      ....    1-65 

6-24 

27-30 

1-60 

19-55 

Magnesia    .    .    .    1-58 

209 

1-36 

3-42 

1-42 

3-24 

Alumina      .     .     .     0-34 

o-:o 

0-20 

0-60 

0-22 

015 

Oxide  of  Iron    .     .      — 

0-07 

0-10 

0-20 

009 

O09 

Oxide  of  Manganese  — 

0-05 

0-07 

0-05 

0-08 

Silica      ....     1-26 

2-20 

4-10 

9-96 

2-00 

4-42 

Sulphuric  Acid      .     0-89 

0-34 

0-53 

3-37 

0-50 

1-22 

Phosphoric  Acid    .     2-92 

2-26 

]-90 

2-40 

1-40 

2-eo 

Chlorioe      .    .    .    0-41 

0-eo 

0-38 

0-04 

0-43 

0-84 

31-36     31-21     24-64     49-71     22-90     51-01 
On  comparing  (he  numbers  in  these  columns,  we  cannot  fail  to  remark. — 
1°.   How  much  poiasn  there  is  in  the  straw  of  the  bean  and  (he  vetch. 
2°.  That  while  there  is  only  a  trace  of  soda  in  any  of  the  three  straws, 
■here  is  a  cousiderable  ciuantiiv  in  all  the  seeds. 


a  POTATO.  319. 

3°.  How  large  a  pniporiion  of  lime  exisls  in  tlie  straw  of  tlie  pea  and 
of  ihe  vetch — compared  with  that  of  the  bean — and  how  much  larger  the 
proportion  is  in  all  the  straws  than  in  any  of  the  grains — and 

4°.  That  the  qnaniiiy  of  silica  in  pea  straw  is  double  of  what  is  con- 
tained in  the  straw  of  the  vetch,  aod  4  times  (hat  of  the  bean  straw. 

The  produce  of  straw  from  these  three  varieties  of  pulse  is  very  bulky, 
but  varies  in  weight  from  1  to  Ij  Ions — or  is  on  an  average  about  2300 
lbs.  per  acre.     The  proiluce  of  grain  is  slitl  more  variable. 

The  bean  gives  from  16  to  40  bushels,  of  about  63  !bs. 

The  pea         .         .     12  to  84         "  "      64  lbs. 

The  vetch      .         .     16  to  40         "  "       66  lbs. 

The  mean  return  from  beans  is  estimated  by  Sehwertz   [AnleiUing 

"       "     ■■■    ■        ■  '     •        "         5  b    h  1    (1600  lb   )  f   m 


The  quanriiy  of  the  several  inorganic  m  tl        tl      f  i 

from  an  acre  in  the  straw  of  these  crops    w  11  b      b  ei 

weights  given  in  tlie  table — and  in  the  g  wh  h  p 

the  above  average,  1^  times  the  weights       h      hi     f    b 
peas,  and  for  vetches  very  nearly  the  actual  weights  above  given. 


These  four  roots,  a 

s  they  are 

carried  from  the  field,  i 

:;ontain 

reaped 

in  ten  thousand  pounds- 

^ 

m?.       . 

URBOT.     i 

PARflMIP. 

FOTATO^ 

Leav^, 

Rod  la. 

Tops. 

Potash        .     .     . 

23-66 

32-3 

35-33 

30-79 

40-28 

81-9 

Soda      .... 

10-48 

22-2 

9-22 

7-02 

23-34 

09 

Lime    .... 

7-52 

62-0 

6-57 

4-68 

3-31 

199-7 

Magnesia  .     .     . 

3-54 

5-9 

3-84 

2-70 

3-24 

17-0 

Alumina    .     .     . 

0-36 

0-3 

0-39 

0-S4 

0-50 

0-4 

Oxide  of  Iron  .     . 

0-32 

1-7 

0-33 

0-05 

0-39 

0-2 

Oxide  of  Mangan 

ese    — 

0'60 

Silica    .... 

12-B 

1-37 

1-62 

0-84 

49-4 

Sulphuric  Acid    . 

8-01 

95-2 

2-70 

1-92 

5-40 

4-2 

Phosphoric  Acid  . 

3-67 

9-8 

5-14 

1-00 

4-01 

19-7 

Chlorine     .     .     . 

2-39 

8-7 

0-70 

1-78 

1-60 

50 

63-03  180-9  66-10  41-80  82-83  308-4 
These  roots,  as  already  stated  (note,  p.  178),  contain  very  much  water, 
so  that,  in  a  dry  state,  the  pro2>ortion  of  inorganic  matter  present  in  them 
is  very  much  greater  than  is  represented  by  the  above  numbers.  I 
have,  however,  given  the  quantities  contained  in  the  crop  as  it  is  carried 
from  the  field,  as  alone  likely  to  be  of  practical  utility. 

The  crops  of  these  several  roots  vary  very  much  in  different  localities, 
being  in  some  places  twice  and  even  thrice  as  much  as  in  others — every 
njne  tons,  however,  which  are  carried  off"  the  ground,  contain  about 
twice  the  weight  of  saline  and  earthy  matters  indicated  by  the  numbers 
in  Ihe  table. 


The  following  table  might  have  been  much  enlarged,  I  have 
thought  it  necessary,  however,  to  inlroduee  in  this  place  only  (hose 
species  of  grass  and  clover  which  are  in  most  extensive  use.  I  have 
also  calculated  the  weights  given  below,  for  these  plants  in  the  stale  of 
hay  only,  aa  the  succulency  of  the  grasses, — that  is,  the  quantity  of  wa- 


er  contained  in  the  green  crop, — varies 
nate  could  he  made  of  the  quantity  of  ir 
r  grass,  from  a  knowledge  of  its  weight  i 

so  much 
organic  n 
■X  the  gree 

that  no  correct  e 
alter  present  in  h 
n  stale  only : 

Poraah    .    .    . 

Bys  Grass 

8-81 

19-95 

While 

I's-do" 

Sainfoin 
20-57 

Soda  .... 

3-94 

5-99 

5-79 

6-15 

4-37 

Lime       .     .     . 

7'34 

a7-so 

93-48 

4e'31 

91-95 

Magnesia     .     . 
Alumina       .     . 

0-9U 
0'31 

3-33 
0-14 

3-05 
1-90 

3-48 
0-30 

0-66 

Oxide  of  Iron    . 

0-63 

0-30 

Oside  of  Mangane 
SUica      .     .     . 

27'73 

.3'Gl 

14-73 

3-30 

5-00 

Sulphuric  acid  . 

3-53 

4 -47 

3-53 

4-04 

3-41 

Phosphoric  acid 

0'95 

6-57 

5-05 

13-07 

9-16 

Chlorine .     .     . 

0'06 

3-63 

2-U 

3-18 

1-57 

5a'8G 

74-78 

91-33 

05-53 

69-57 

The  above  quantities  are  contained  in  a  thousand  pounds  of  the  dry 
hav  of  each  plant. 

On  comparing  the  numbers  opposite  to  potash,  lime,  mapnesia,  alu- 
mina, silica,  and  ])hosphoric  acid,  we  see  very  slriiiing  diliecences  in 
the  quantities  of  these  substances  contained  in  equal  weights  of  (he 
above  different  kinds  of  hay.  These  differences  lead  to  very  important 
practical  inferences  in  reference, — 

1°.  To  the  kind  of  soil  in  which  each  will  grow  most  luxuriantly. 

2°.  To  the  artificial  means  by  which  the  growth  of  each  may  be  pro- 
moted— in  so  far  as  this  growtli  depends  upon  the  supply  of  inorganic 
food  lo  (he  growing  plant. 

3°.  To  the  feeding  properUes  of  each,  and  to  the  Tdnd  of  stock  they 
are  severally  most  fitted  to  nourish. 

To  these  and  other  important  practical  deductions  suggested  by  the 
above  tabulated  analyses — as  well  as,  by  those  previously  given — of  the 
inorganic  matters  contained  in  the  several  varieties  of  vegetable  produc- 
tions usually  raised  for  food,  we  shall  hereafter  ha>c  frequent  occasion 
10  revert.  In  the  mean  time,  a  preliminary  inquiry  demands  our  at- 
tention, which  we  shall  proceed  to  consider  ia  the  following  section. 

§  4.  To  what  extent  do  the  crops  most  Visually  cultivated,  exhaust  the  soU 
of  inorganic  vegelablefood  7 


A  bare  inspection  of  the  tabular  results  e 
section  gives  but  a  faint  idea  of  the  extent  t 
mentary  bodies  are  necessarily  withdrawn  Irt 
course  of  cropping. 


:hibiied  in  the  preceding 
I  which  the  inorganic  ele- 
m  the  soil  in  the  ordinary 


I.  Let  us  consider  the  effect  upon  the  soil  of  a  still  too  common  three 
years'  course  of  cropping— ^Hoiu,  lehfal,  oaU.*  If  the  produce  of  such 
a  course  be  26  bushels  of  wheat  and  50  bushels  of  oats,  there  would  bs 
carried  from  the  soil  every  three  years  in  pounds — 


Potash      ....  3-3  0-6  3-75  32'7  40-35 

Soda 3-5  0-9  3-3  —  7-7 

Lime 1-5  7-2  S-5  5-7  16-9 

MagBcsia.     ...  1-5  1-0  1-7  0-8  5-0 

Oxide  of  Iron     .     .  —  —  1-0  —  1-0 

Silica 6-0  86-0  500  172-0  314-0 

Sulphuric  Acid .     .  0-76  1-0  0-9  3'0  5-65 

Phosphoric  Acid     .  0-6  5-0  l-iZ  0-5  ■     7'53 


The  gross  weigfit  carried  off  in  these  crops  is  lat^ 
about  400  lbs.     It  will  vary,  however,  with  the  kind  of  wheat  and  oats 
which  are  grown,  and  may  ofien  be  greater  tbao  this. — [See  ibe  follow- 
ing section  {%  5)   of  the  present  Lecture.]     The  greatest  porfion  of  ihe 
mailer  carried  off,  however — upwards  of  ihree-fcurihs  of  the  whole — 
coasisis  of  silica ;  (he  rest  of  the  materials  are  equal  la 
60  lbs.  of  dry  peatl-asb, 
36  lbs.  of  the  common  soda  of  the  shops, 
28  lbs.  of  bone-dusl, 
19  lbs.  of^psum, 
5  1bs.  ofquicli-lime, 

5  lbs.  of  magnesia, — or  for  the  last  three  may  he  substi- 
tuted 33  lbs.  of  common  Epsom  salts  and  17  lbs.  of  quick -lime. 

The  forai  in  which  the  silica  may  be  restored  (o  (he  soil  in  a  state  in 
which  the  plant  can  absorb  it,  will  be  considered  hereafter. 

Though  large  aa  a  whole,  the  weight  of  each  of  the  ingredients,  taken 
singly,  is  not  great;  and  yet  it  is  not  difficult  to  understand  that  if  a 
constant  drain  he  kept  up  on  the  soil  year  after  year,  and  ibe  practical 
larming  adopted  is  of  such  a  kind  as  not  to  restore  to  the  soil  a  due  pro- 
portion of  eacft  of  the  substances  carried  off — ihe  lime  must  come  when, 
under  ordinary  drcomslancee,  the  soil  will  no  longer  be  able  lo  supply 
the  demands  of  a  healthy  aud  luxuriant  vegetation. 

II.  Let  us  next  consider  the  effect  of  a  four-years'  course  system  in 
withdrawing  these  inorganic  substances  from  the  soil.  And  for  this 
purpose  let  us  adopt  one  suited  to  the  iigjbier  soils — asto  that  of  Norfolk — 
■  turnips,  harley,  clover  and  rye  grass,  wheat. 

Let  the  crop  of  turnips  amount  to  25  tons  of  roots  per  adrc,  of  harley  to 
38  bushels,  of  clover  and  rye  grass  each  to  one  ton  of  bay,  and  of  wheat 
as  before  lo  25  liushcls.     Then   we  have  from  ihe  entire  rotation  in 

-  Comnion,  nmongoUier  counlles,  in  :ha[  of  Durham.    There  are  cases,  however,  in 

The  Qwllanan  Farmer  (1802),  p.  147.  '  ^  i        - 


Potash 145-5  5-6  4'5  450  285     3'3     0-6   233'0 

Smla 64'3  5'8  I-I  12'0  9-0     3'5      0-9      96'6 

Lime 45'8  2-1  12-9  63-0  16-5      1-5     7-2   1490 

Magnesia.  ,  .  .  15-6  3-6  1-8 

Alumina   ....  2-2  -  0-5  3-4 

Silica 23-6  23-6  90-0  8-0  62-0 

Sulphuric  Acid .  49-0  _ 

Phosphoric  do.  .  22-4  4-3  3-7  15-0  0-6     0-6     5-0     61-5 

ChioriDe   ....  14-5  0-4  1-5  8-0  O-I      0-2      0-9     256 

970-9' 
n  the  last  column — containing  the  total 
-with  those  contained  in  the  three  ' 

n(p.  221),  we  see  how  very  m  tic h  larger  an  addition  r 
made  to  the  land  every  fourth  year,  if  we  are  to  restore  (o  it  any  thing 
like  an  equivalent  for  the  inorganic  matter  carried  off, 
.  It  will  he  especially  observed  that  the  quantity  of  potash,  and  of  soda, 
and  indeed  of  nearly  every  ingredieot  ejfcept  the  silica,  catried  off  in 
this  course  of  cropping,  is  much  greater,  even  in  proportion  to  the  time 
it  occupies,  than  in  the  three-yeat  shift^and.ihat  mine-fenifts  o/'rtej'of- 
ask  and  soda  yAdidravmfrom  Ike  soU  are  contained  in  Ike  green  crops. 

To  place  the  relative  effect  of  the  green  and  corn  crops  upon  the  siil 
in  a  clearer  light,  I  shall  exhihit  the  several  quantities  of  common  and 
artificial  salts  and  manures  which  it  wo.uld  be  necessary  lo  add  to  each 
acre  at  the  beginning  of  this  rotation,  in  order  to  supply  the  various  inor- 
ganic substances  about  lo  be  taken  from  the  land  in  the  next  four  years" 
cropping.     These  quantities  are  as  follow,  in  pounds ; — 

Dry  Pearl-ash 325  316  9 

Crystallized  Carbonate  of  Sodaf    333  290  43 

Common  Salt 43  38  5 

Gypsum — '  30  — 

Quick-lime 150  100  7 

Epsom  Salts 200  150  50 

Alum 83  27  56 

Bone-dust 210  150  60 

"With  the  exception  of  the  silica,  the  suhstances  above-named,  in  the 
quantities  given,  will  replace  alt  the  inorganic  matters  contained  in  the 
whole  crop  reared,  the  turnip  tops  alone  not  included.  A  single  glance 
at  the  second  atid  third  columns  shows  how  much  greater  a  proportion 
of  all  these  substances  is  necessary  to  return  what  the  green  crops  have 
taken  from  the  land. 

That  the  ferlility  of  the  soil  depends  in  some  considerable  degree  on 

•  Thisia  exclusive  gf  the  fninip  tops,  whlcli  I  have  o milled,  from  not  Itnowing  what  pro. 

t  Or  for  ever;  100  Put  of  Ihs  eommon  rarbonals  of  Eoda  ma;  De  subelltutcd  40  Ib9.  of 
conunon  suit  or  60  lla,  i!  dry  nllrate  of  socla,  1 1  u  M  r 


t'le  quanlitj'  of  the  alkaline  and  other  compounds  present  in  it,  there  can 
be  no  question, — since  not  only  do  we  find  extraordinary  natural  luxuri- 
ance of  vegetation  where  some  of  these  happen  to  be  present  in  the  soil, 
but  we  can  often  greatly  increase  the  apparent  productiveness  of  our 
fields  by  spreading  such  substances  over  them  in  sufficient  quaniily. 

How  cotnes  it,  then,  that  the  green  crops  which  carry  off  all  these 
substances  in  the  greatest  quantity  by  very  much,  should  yet  least  injure 
the  land, — nay,  should  rather  renew  and  prepare  it  again  for  the  gnawih 
of  crops  of  corn  ? 

This  is  one  of  the  most. interesting  practical  questions  which  can  pre- 
sent itself  (o  us  in  (he  existing  state  of  theoretical  agriculture ; — but  it 
would  carry  us  away  frciiti  our  more  immediate  object,  were  we  prema- 
turely to  enter  upon  die  discussion  of  it  in  this  place.  It  will  hereafter 
demand  our  especial  attention,  when  we  shall  have  become  familiar 
..with  the  nature  and  origin  of  soils. 

I  may  be  perniilied,  however,  to  draw  your  attention  here  for  a  mo- 
ment— as  neither  out  of  place,  nor  upinteresting,  for  many  reasons, — to 
an  opinion  expressed  by  Liebig  on  the  question  lehy  wheat  prefers  stiff 
and  clay  ejf  soils.  "Again,"  he  says,  "howdoes  it  happen  that  wheat 
does  not  flourish  in  a  sandy  soil,  and  that  a  calcareous  soil  is  also  un- 
suitable for  its  growth,  tinlesa  it  be  mised  with  a  considerable  quaniily 
(^ctay?  It  is  because  these  soils  do  not  contain  alkalies  in  sufficient 
quantity,  the  growth  of  wheat  being  arrested  by  this  circumstance,  even- 
should  all  other  substances  be  presented  in  abundance." — [Organic 
Chemistry  applied  to  Agriculture,  p.  151.1 

Without  dwelling  on  the  fact  that  excellent  crops  of  wheat  are  reaped 
in  some  parts  of  our  island  from  sandy  arid  calcareous*  soils — what  kind 
of  crops,  we  may  ask,  can  be  reared  with  success  on  the  lighter  soils  to 
which  wheat  seems  least  adapted  ?  The  turnip  rejoices  in  light  land, 
and  the  potato  not  unfrequenlly  attains  the  greatest  perfection  on  a  sandy 
soil.  Yet  ten  tons  of  potato  foots,  or  twenty  of  turnip  bulbs, — exclu- 
sive of  the  tops — contain  nearly  ten  times  as  much  of  the  two  alkalies, 
potash  and  soda,  as  fiily  bushels  of  wheat  with  its  straw  included.f 
What  ground  is  there,  then,  for  the  explanation  given  by  Liebig — of  the 
peculiar  <]ualities  of  the  so-called  wheat  lands?  We  might  wiih  far 
greater  show  of  reason  assume  the  converse  of  his  pro|iosi(ion,  and  infer 
that  wheat  does  not  prefer  sandy  soils,  because  they  are  too' rich  m  alkali! 
Jl  is  singular,  and  would  ajmosj  seem  to  strengthen  this  converse  propo- 
sition, that  beans,  peas,  and  vetches,  which  are  so  often  resoned  (o  as  a 
good  preparative  for  wheat,  contain  also  a  much  larggr  quantity  of  alkali 
(ban  the  latter  grain.  Thus  the  grain  and  straw  together  of  twenty-sis 
bushels  of  lieans  contain  71  lbs.,  of  twenty  bushels  of  peas  26  ibs.,  and 
of  twenty  bushels  of  vetches  74  lbs.  of  potash  and  soda  taken  together. 

As  I  have  already  stated,  however,  we  are  not  yet  prepared  for  dis- 
cuiising  this  very  curious  and  interesting  qi 
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§  5.  Of.  the  aUeged  constancy  of  the  inorganic  constituents  of  plants,  m 
kind  and  qaantity. 

In  the  preceding  lecture  (Lx.,  p.  177),  it  was  stated  that  the  ash  of  the 
same  plant,  if  ripe  and  healthy,  is  nearly  the  same  in  kind  and  (jtialiiy 
in  whatever  circumstances  (if  favourable)  of  soil  and  climate  it  may 
grow.  This  general  observation,  however,  ia  consistent  wiih  cerlain 
(lifTerencea  in  Hie  above  respect,  which  are  not  without  interest  in  iheir 
bearingupon  agriculture  both  in  theory  and  practice.     Thus, 

1°.  The  different  parts  of  the  same  plant  contain  quantities  of  inor- 
ganic matter,  riot  only  different  in  (heir  gross  weights,  but  unlike  also  in 
the  relative  -proportions  of  the  several  Substances  of  wiiich  the  entire  ash 
consists.  Both  of  these  points  have  been  previously  illustrated  {pp.  179, 
ISO),  and  ihey  are  placed  in  the  clearest  light  by  the  tabulated  analyses 
introduced  into  the  preceding  section. 

2°.  The  quantity  and  relative  proportions  of  the  different  inorganic 
substances  also  vary  with  ihfe  season  of  the  year  at  which  the  examina- 
tion is  made.  Thus,  according  to  De  Saussure,  plants  of  the  saine  wheat 
which  a  riionth  before  flowering  left  73  per  cent,  of  ash,  left  when  in 
flower  only  5-4,  and  when  ripe  3'3  per  cent.  The  quantity  of  potash 
in  the  potato  leaf  diminishes  very  much  as  the  plant  approaches  to  ma- 
turity (Mollerat); — and  the  same  has  heen  observed  in  many  saltworts 
and  other  sea-side  plants.  In  the  young  plant  of  the  salsola  claiiifalia 
there  is  much  potash  and  nosoda,  hutas  its  age  increases  the  latter  alkali 
appears,  and  gradually  takes  the  place  of  the  former.' 

It  is  probably  true,  therefore,  of  all  plants — that  the  ash  both  in  kiutl 
and  quantity  is  affected  by  the  age  at  which  the  plant  has  arrived.  It 
would  appear  that  the  unlike  chemical  changes  which  take  place  in  the 
inleiior  of  (he  plant,  at  the  successive  periods  of  its  growth,  rej^uire  the 
presence  of  different  chemical  agents — or  that  the  production  of  new 
parts  demands  the  co-operation  of  new  substances. 

3°.  Similar  differences  are  sometimes  observed  also  when  ihe  same 
plant  is  grown  in  iliffetent  soils.    Thus  it  is  known  that  the  stiaw  of  the 
oat  grown  upon  boggy  land  is  very  diflerent  in  colour  and  lustre,  from 
that  yielded  by  the  same  variety  of  seed,  vi-hen  growti  upon  sound  and 
solid  soil.     I  lately  examined  two  such  portions  of  straw  from  the  same 
seeil — grown  on  the  same  farm  on  the  estate  of  Dunglass,  the  one  on 
boggy,  the  other  on  sound  stiff  land,  when  the  straw  from  the 
Sound  land  left  6'64  per  cent,  of  ash,  and  from  the 
Boggy  land  *   6-2    per  cent,  of  ash ; 
while  the  siUca  contained  in  the  ash  from  the 

Sound  land  amounted  to  3-43  per  cent.,  and  &om  the 

Boggy  land       "        to  1'90  percent,  of  the  weight  of  thestraw. 

A  remarkable  difference,  therefore,  existed  in  the  relative  proportions, 

'  Mcyen,  JbArfsftn-icA^  1S39,  p.  136.    bi  cogacd  to  these  3n1t-jD°Jngrnant9,whichgenarsUj 
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at  least  of  the  silica,  in  these  two  vorieiies  of  straw,  and  this  difference 
can  be  attribuied  only  to  the  unlike  nature  of  tlie  soils  in  which  the  two 
samples  were  grown.  But  on  boggy  soils  the  oat  plant  is  unhealthy, 
and  in  general  neUher  fills  its  ear,  nor  ripens  a  perfect  seed  i^— ihe  dif- 
ference in  ihe  ash  in  tiiis  case,  therefore,  cannot  be  considered  as  entirely 
opposed  to  the  general  proposiiion,  that  in  a  healthy  state,  plants  at 
the  same  period  of  their  growth  always  yield  neatly  the  same  weight 

But  that  different  experimenters  have  obtained  very  unlike  (juantiiies 
of  ash,  from  the  most  common  cultivated  plants,  apparently  in  a  state 
of  health,  when  grown  under  different  ei re u instances  of  soil  and  climate, 
■ — does  appear  to  contradict  this  general  proposition.  Thus  100  lbs.  uf 
ripe  Tokeat  straw  leave  of  ash 

4-3  lbs.  De  Saussure  ; 
4-i  lbs.  Berlhicr; 
3-5  lbs.  Sprengel ; 
15-5  lbs.  SitH.  Davy; 
while  [he  slraw  of  one  variety  of  red  wheat  grown  on  a  clay- loam,  at 
Aykley  Heads,  near  Durham,  gave  me  6'6  pet  cent.,  and  mat  of  two 
other  varieties  of  red  wh^at,  grawn  near  Dalton,  in  Ravensworlh  Dale, 
Yorkshire,  a  couniry  abounding  in  limestone — and  on  the  same  field — 
left  respectively  12'15  and   16-3  per,  cent,  of  ash.     The  difference  of4 
per  cent,  between  these  last  two  results,  shows  that  the  quantity  of  ash 
depends  much  upon  ihsvartely  of  grain  examined^-lhough  to  what  ex- 
tent ail  the  great  differences  obtained,  as  above  shown,  are  to  be  ascribed 
to  this  cause  alone,  it  is  Impossible  to  say,  until  numerous  other  espeii- 
ments  shall  have  been  insliiuied. 

One  thing,  however,  is  manifest,  that  the  quantities  of  inorganic  mat- 
ter necessaiily  contained  in  a  crop  of  wheat,  given  in"  a  previous  page 
(p.  216)  oh  the  authority  of  Sprengel,  must  be  considered  as  proljably 
far  below  the  mean  proportion,  sincst  some  varieties  yield,  in  the  form 
of  ash,  about  six  times  as  much  as  is  there  stated. 

Every  one  knows  how  uncertain  general  conclusions  are, — or  expla- 
nations of  natural,  phenomena, — wljen  deduced  from  single  observations 
only,  and  of  this  truth  the  above  results  present  ua  with  a  useful  illus- 
tration. Thus  Lieblg,  in  his  Organic  Chemistry  applied  lo  Agnculture 
p.  152,  to  which  we  have  had  frequent  occasion  to  refer — explains 
why  land  will  refuse  to  grow  wheal,  and  may  yet  produce  good  crops 
of  oats  or  barley  in  the  following  manner ; — "  One  hundred  parts  of  the 
stalks  of  wheat  yield  15-5  parts  of  ashes  (H,  Davy):  the  same  quantity 
of  the  dry  stalks  of  barley  8-5*  (Schrader),  and  one  hundred  parts  of  the 
stalks  of  oats  only  4-42.  The  ashes  of  all  are  of  the  same  composition. 
We  have  in  these  facts  a  clear  proof  of  what  plants  require  for  their 
growth.  ,Upon  the  same  field  which  will  yield  only  one  harvest  of 
wheat,  two  crops  of  barley  and  three  of  oats  may  be  raised." 

In  this  passage  it  has  been  assumed  that  the  ash  of  wheat  and  other 
straws  is  constant  in  quantity,  that  wheat  straw  always  contains  much 
more  than  that  of  oats  or  barley,  and  that  the  ash  is  in  each  case  of  Ihe 
same  composition  (see  above,  pp.  216  to  217). — all  of  which  premises 
being  incorrect,  the  conclusion  must  of  course  be  rejected. 
But  the  straw  of  barley  and  oats  also,  according  to  different  aathorities, 
10*  .t-.l)O0lC 
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Oat  straw  leave     .     6-74  Iba.         4-42  lbs.  6-6  J. 

Barley  straw    .     .     524  lbs.         8-54  lbs. 
We  cannot  help  conceding,  therefore,  generally,  in  regard  to  the  cereal 
graases.  Chat  different  varieties,  st  least,  of  the  same  plant,  may  contain 
moTgania  matter  in  d^erent  proportions. 

But  ceriain  aDfllySBs  which  liaireheeu  made  seem  to  demand  a  still 
lorther  coocessioni  ThusDe  Saiissure  found  that  the  ash  left  by  the 
same  tree  or  shrub — by  ihe  fir  or  the  juniper  for -exam  pie— differed  both 
in  kind  and  in  quanriiy,  accoriliag  as  it  grew  upon  a  granitic  or  calca- 
reous soil.  Berlhier  also  found  the  ash  of  a  piece  of  Norway  pine  (^!- 
nws  abiei)  to  differ  very  much  from  ihat  of  the  wood  of  the  same  pine 
grown  in  France.  From  these  and  a  few  other  observations,  the  con- 
clusion has  been  very  generally  drawn  by  vegetable  physiologists,  that 
the  ash  of  plants  in  general  is  determined  both  in  kind  and  quantity  by 
Ike  soil  in  which  Ihey  grom. 

This  is  very  likely  to  be  true  to  a  certain  extent,  as  we  have  seen  in 
the  straw  of  the  bog  oat  above  adverted  to,  but  a  sufficient  number  of 
accurate  comparative  analyses  of  the  ash  of  cultivated  plants*  has  not 
yet  been  published,  to  enable  us  lo  determine  the  precise  mfluence  of  the 
soil  in  all  cases.  It  is  impossible,  however,  that  the  prevailing  cliarac- 
ter  of  the  soil  c£.n  have  more  than  a  general  influence  on  the  character  oi 
the  ash  of  any  living  vegetable — so  long  as  the  plant  retains  a  healthy 
stale.  The  experiments  of  De  Saussure  do  iiot  appear  to  have  been 
made  with  sufficient  care,f  while  the  only  comparative  experiment  of 
Berthier  is  open  to  objections  of  another  kind. 

I  have  said  that  the  quantity  and  kind  of  the  ash  is  likely  to  be  affected 
by  the  character  of  the  soil  toacerJatre  extent.  Thefollowingconsidera- 
tions  seem  to  embody  nearly  all  the  sources  of  such  variation,  of  which 
we  can  at  present  speak  with  any  degree  of  certainty ; — 

1°.  Plants  at  different  periods  of  their  growth  re<iuire  ibr  the  produc- 
tion of  their  several  parts,  and  tlierefore  appropriate  fr<im  the  soil,  differ- 
ent inorganic  subslances.;i  hence  the  ash  will  vary  with  the  age  of  the 
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IhS  iiba!M  the^&Brenl  UetB  and  BhiuEa  he  Isamineif,  he'fcupS  g  torge^iianli^,  in'tiia" 
efthejulllp«rBaDiDchas4SnBrcent.DTiilumHui,end  in  Dialorihe  pine  frum  l^lolGp^r 
c;nu,u-hlleBenhler,whnBeakllU3DadiEpuled.  found  no  ^mina  In  the  aah  of  anv  of  Ihe 
□uinerous  trees  on  w^icli.hia  enpeclmfntB.nere  made. 

t.TbiB  fact  Indlcaiea  an  e:cceedingly  inteWliii  Held  of  chemical  research  in  conneellon 
nllh  pracUcal  agrlcuUure.  What  substance  uFIll  bring  this  or  lliat  seed  Into  eaily  leafl— 
wbac  wtU  hasten  its  gronlb  In  middle  llfel— what  will  bring  II  lo  early  mauuji^  J  /nie  whaai 


2°.-If  tiie  substances  necessary  for  ihe  [jerfeciiouof  one  or  more  parts 
of  a  filanl  abound  in  ihe  Soil,  its  chief  developement  'will  take  the  direc- 
lion  of  those  parts.  Thus  one  plant  will  run  to  leaf  or  straw,  another  lo 
flower  and  seed.  Thus  also  in  the  grain  of  one  crop  of  wheat  more  glu- 
ten is  produced  than  in  tha*  of  another,  and  as  this  giuten  appears  to 
contain  the  phosphates  of  lime -and  magnesia,  as  essential  coostiiuente, 
Ihe  ash  will  necessarily  vary  with  the  gluten  of  the  seed. 

3°.  Some  substances  appear  t>'  enter  into  the  circulation  of  plants  not 
Eoinnch  as  actual  and  necessary  CLnstituenls  of  the  parts  of  the  vegetable, 
as  to  serve  as  aiediior  agents  by  which  other  compounds,  both  orjsanic 
and  inorganic,  may  be  conveyed  to  the  plant.  Thus  t^mmon  salt  ap- 
pears to  enter  many  plants  for  the  purpose  of  supplying  soda,  its  chlo- 
rine being  discharged  by  the  leaf.  Silica  enters  the  plant  chiefly  in  the 
form  of  silicate  of  potash  or  soda.  When  K  reaches  its  proper  deslina- 
lion^-lhe  stallis  of  the  grasses  for  instance — ijiis  silicate  is  decomposed 
chiefly  by  the  carbonic  acid,  which  is  always  present  in  the  pores  of  the 
green  stem,  the  silica  is  deposited  and  the  alkali  proceeds  downwards 
with  the  sap  as  a  soluble  carbonate,  or  in  combination  with  some  other 
orgaiilc  acid.  Thus  .the  same  portion  of  alkali  may  return  many  times 
into  the- circulation  with  this  or  with  other  materials  which  the  parts  of 
(he  plant  require,  and  every  new  burden  il  deposits  will  necessarily 
cause  a  new  variation  in  the  relative  proportions  of  the  several  inorganic 
constituents  which  are  afterwards  Jetectedin  the  ash. 

4°.  As  the  wafer  which  enters  by  the  roots  always  biiogs  with  it  some 
soluble  substances,  the  quantity  of  these  conveyed  into  the  plant  will  be 
malerially  affected  by  the  amount  of  evaporation  from  the  leaves;  and 
-.  bence,  after  a  !oug  drought,  the  leaves  of  the  turnip,  the  potalo,  and 
other  plants,  will  yield  a  larger  proportion  of  ash  than  will  be  obtained 
from  them  in  moist  and  rainy  weather. 

6°.  In  the  mineral  kingdom  it  is  found  that  one  substance  may  not 
unfretiuemly  take  the  place,  and  perform  the  (unctions,  of  anoiher.  Thus 
potash  and  soda  replace  each  other  in  certain  minerals,  as  do  also  lime 
and  magnesia  and  the  pbosphoric  and  arsenic  acids.  It  has  been  sup- 
posed that  a  similar  interchange  may  take  place  in  the  vegetable  king- 
dom— that  when  tiie  plant  canntrt  get  potash  it  wiii  take  soda — that 
when  it  can  get  neither,  ii  will  appropriate  lime, — and  so  on.  Such  a 
conjectural  interi^hange  may  possibly  take  place  in  a  small  degree,  for  a 
limited  lime,  and  in  certain  plants,  without  materially  affecting  iheirap- 
parent  health — but  it  is  not  by  trusting  to  such  resmirces  of  nature  that 
a  luxuriant  vegetation  or  plentiful  crops  will  ever  be  reared  by  the  prac- 
tical agriculturist. 

Admitting,  however,  all  these  sources  of  variation  in  the  kind  aiid 
quantity  of  the  ashobtained  from  different  plants,  the  sound  practical 
conclusioiis  from  all  we  know  on  the  subject  at  present  seem  to  be — 

1°.  That  certain  inorganic  substances,  in  certain  proportions,  are  ne- 
cessary to  all  plants  usually  cultivated  for  (bod — if  they  are  to  be  reared 
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It  we  must  seek  for  these  necessary  substances  id  the  inorganic 
s  which  are  present  in  the  richest  crops.of  every  kind — in  the 
produce  of  the  moat  fertile  soils.* 

3°.  That  where  these  necessary  substances  are  not  ))reaent  in  any 
soil,  we  may  infer  that  it  will  prove  unfit  to  yield  a  luxuriant  crop  of  a 
ghen  kind ;  or,  on  the  other  band,  where  these  substances  are  not  to  be 
delected  in  the  ash  of  the  plant,  that  the  fault  of  the  crop,  if  any,  maybe 
ascribed  lo  their  partial  or  total  absence  from  the  soil  on  wliicb  it  grew. 

These  conclusions  form  the  basis  of  an  enlightened  and  scientific  prac- 
tical agriculture.     This  basis,  however,  requires  to  ' 
enlarged  hy  further  experimental  investigations. 

-  "IhaYeeiamlned,"saysSprengcl,  "Iho  flnesl,  seed-corns  from  many  loca 

"""'       '  15  and  me  ^tne  soil.'"— isSre  to 
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SvcH  are  the  inorgaoic  compounds  which  minister  to  the  growlji  of 
plaatB,  and  such  the  praporliona  in  whicii  (hey  severally  occur  in  the 
iivioB  vegetable.     Whence  are  these  inorganic  constiluents  all  derived  T 

We  have  seen  tbat  the  atmosphere,  when  pure,  contains  no  inorganic 
matter,  aoiJ  that  if  dusl,  spray,  or  vapours  Occasionally  float  in  ihe  air, 
and  are  carried  by  the  winds  to  great  disiancea — yet  that  they  are 
only  accidentally  present,  and  cannot  be  regarded  as  a  source  from, 
which  the  general  vegetation  of  the  globe  denves  a  constant  supply  of 
those  mineral  substancea  which  are  necessary  to  its  healthy  existence. 

The  soil  on  whicli  they  grow  is  the  only  natural  source  from  which 
their  inorgaoic  food  can  be  derived.  We  are  led,  therefore,  as  the  next 
subject  of  our  study,  to  inquire  into  the  nature  and  origin  of  soils.* 

§  1.  0/the  organic  matter  in  Ihe  sod. 

Soils  differ  much  as  regards  their  immediate  origin,  their  physical 
properties,  their  chemical  constitution,  and  their  agricultural  capabili- 
ties ;  yet  all  soils  which  in  their  existing  state  are  capable  of  bearing  a 
profitable  crop,  possess  one  common  character — they  all  contain  orgahic 
matter  in  a  gfeater  or  a  less  proportion. 

This  organic  matter  consists  in  part  of  decayed  animal,  but  chiefly  of 
decayed  vegetable  substances,  sometimes  in  brown  or  black  fibrous  por- 
tions, exhibiting  still,  on  a  careful  examination,  something  of  the  origi- 
nal structure  of  the  organized  substances  from  which  thoy  have  been  de- 
rived— som-Ctimes  forming  only  a  fine  brown  powder  intimately  inter- 
mixed with  the  mineral  matters  of  the  soil — sometimes  scarcely  percep- 
tible in  either  of  those  forms,  and  existing  only  in  the  slate  of  organic 
compounds  more  or  less  void  of  colour  and. at  limes  entirely  soluble  in 
waier.  Id  soils  which  appear  to  consist  only  of  pure  sand,  or  clay,  or 
chalk,  organic  matter  in  this  latter  form  may  oCten  be  detected  in  con- 
siderable quantity. 

The  propoMion  of  organic  matter  in  soils  which  are  naturally  produc- 
tive of  any  useful  craps,  varies  from  one-half  to  70  per  cent,  of  their 
whole  weight.  With  less  than  the  former  proportion  they  will  scarcely 
support  vegetation — with  more  than  the  latter,  they  require  much  ad- 
mixture before  they  can  be  brought  into  profitable  ouliivalion.     It  is 
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only  in  boggy  and  peaty  soils  that  ihe  lauer  large  proportion  is  evpt 
fouD<J — in  the  best  soils  the  orgaoic  matter  does  not  average  five  per  cent., 
and  rarely  exceeds  ten  or  twelve..  Oats  and  rye  will  grow  upon  land 
containing  only  one  or  one  and  a  half  per  cent. — barley  where  two  or 
three  per  cent,  are  presem — but  good  wheat  soils  contain  in  general  frorn 
4  to  8  per  cent,,  and,  if  very  stiff  and  clayey,  from  10  to  13  per  cent, 
may  occasionally  be  delected. 

Though,  however,  a  certain  proportion  of  organic  matter  is  always 
found  in  a  soil  distinguished  for  its  fertility,  yet  the  presence  of  such  sub- 
stances is  not  alone  sufficient  to  impart  fertility  to  the  laod.  I  do  not 
allude  merely  to  such  as,  like  pealy  soils,  contain  a  very  large  excess  of 
vegetable  matter,  but  to  such  also  as  contain  only  an  average  proportion. 
Thus  of  two  soils  in  the  same  neighbourhood-^lhe  one  contained  4'0,'5 
per  cent,  of  organic  matter,  and  was  very  fruitful — the  other  4'19  per 
cent.,  and  was  almost  barren.  This  factis  consistent  with  what  has  been 
stated  in  the  two  preceding  lecturesi  in  regard  to  the  influence  exercised 
by  the  dead  imirgamc  matter  of  the  soil,  on  the  general  health  and  luxu- 
riance of  vegetation. 

5  a.   General  constitutiim  of  the  earthy  part  of  the  soil. 

From  what  is  aboVe  stated,  it  appears  that,  on  a  general  average,  the 
earthy  pan  of  the  soil  in  our  climate  does  not  constitute  less  than  96  ]iet 
cent,  of  its  whole  weight,  when  free  from  water.  This  earthy  part  con- 
sists principally  of  three  ingredients: — 

,1°.  Of  SUica,  siliceous  sand,  or  siliceous  gravel — of  various  degrees 
of  hneness,  from  that  of  an  impalpable  powder  as  It  occurs  in  clay  soils, 
to  the  large  and  more  ot  less  rounded  sandstones  of  the  gravel  beds. 

2°,  Alumwit^r-generaWy  in  the  form  of  clay,  but  occasionally  occur- 
ring in  shaly.or  Slaty  masses  more  or  less  hard,  intermingled   with  the 

3°.  Zdme,  or  carbonate  of  lime — in  the  form  of  chalk,  or  of  fragments 
more  or  less  large  of  the  various  limestones  that  are  met  yith.near  the 
surface  in  different  conn iiies.  Where  cultivation  prevails  it:  often  hap- 
pens that  alh.lbe  lime  which  the  soil. contains  has'-beefl  added  to  it  for 
agricultural.  parp6ses~-in'  the  form  of  cjuick'lime,  of  Chalk,  of  shell-sand, 
or  of  one  or  ((ther  of-ihe  nuaierouH  varieties  of  mart  which  differeai  dis- 
tfieis  are  known  to  produce. 

It  is  rare  that  a  superfioial.covfejflDg  is. anywhere  met  with  on  the 
surface  of  the  earthy  which  consists;  solely  of  any  one.of  these.three  sub- 
stances— a  .soil,  hnwever.is  called  sandy  in-  which  the  siliceous  sand 
greatly  predominates,  and  'caleareoasi  where): as  in^^some'  ofiour  chalk 
and  limestone  districts,' carbonate  of  limsiis  present  inconsiderable  abun- 
dance. Whenaluminaforms  a  large  proportion  of  the  soil,  itcons^tules 
a  clay  of  gi'eater  or:  less^ tenacity^. 

Thei  term  alay,  hd*ever,  of  -pore,  cliy,  is  never  used. by  writers  on 
agriculture!  to  deriote  a'seiLiCgnsistJDgofalumina  only,  for  none  such  ever 
occurs. in  inatnre.  Thepujeyoreeiajn,  days  are  lire  richest  in  alurnina, 
but  even, when;  free  from  walpr ah ey. contain  only  from  43  lo  48  per  cent, 
of  this  earth,  with  from  59  to  58  of  silica.  These  occur,  however,  only 
in  isdlatei]jatchea,'arid  never  alon^  form  the  soil  of  any  considerabio 


district.  The  strongest  clay  soils  wliicli  are  anywhere  in  cullivatloo 
rarely  eotilain  more  than  35  per  cent,  of  alujniu;].* 

Soils  in  general  consist  in  great  part  of  the  three  substances  above 
□araed  in  astale  oT Titeckankal  mixture.  This  ia  always  the  case  with 
the  siliceous  sand  and  with  the  carbonate  of  lime-— but  in  the  clays  the 
silica  and  the  alumina  are.  lor  the  mosi  part,  in  a  state  of  chemiecd  com- 
bination.  Thus,  if  a  portion  of  a  stiff  Clay  soil  be  kneaded  or  boiled 
with  repeated  portions  of  water  till  its  coherence  is  entirely  deslroyed, 
and  if  the  water,  with  the  iiner  parts  which  float  in  ii,  be  then  poured 
into  a  second  vessel,  (he  whole  of  the  soil  will  be  separated  into  two  por- 
tions— a  fine  impalpable  powder  consisting  chiefly  of  clay,  poured ofF 
witli  the  water,  and  a  quantity  of  siliceous  or  (Hher  sand  in  particles  of 
various  sizes,  which  will  remain  in  the  first  vessel.  This  sand  was 
only  mechanically  mixed  with  the  soil.  The  fine  clay  retains  still  sonve 
mechanical  admixtures,  but  consists  chiefly  of  silica  and  alumina  eiieni- 
ically  combined. 

Of  (he  porcelain  clays  above  alluded  to,  (here  are  several  varieties, 
three  of  which,  containing  the  largest  proportion  of  alumina,  cOiWtBst  res- 
pectively of — 

Silica  .  .  47-03  46-92  46-0 
Alumina  .  39-23  34. Bl  40-2 
Waler   .     .     13-74         I8-27         13-8 

10000       100-00       lOOOf 
But,   as  already  stated,  these  clays  rarely  form  a  soil — (he  siiffesl 
clays  treated  by  the  agriculturist  containing  a  further  portion  of  silica, 
eome  of  which  is  mechanically  mixed,  and  can  be  partially  separated  by 
mechanical  means. 

The  strongest  agricultural  clays  (pipe-days)  of  which  truslworihy 
analyses  have  yei  been  published,  consist,  in  (he  &(y  slate,  of  56  to  62 
of  silica,  from  36  (o  40  of  alumina,  3  or  4  of  Oxide  of  iron,  and  a  (race  of 
liiiie.  .  Clays  of  this, composition  are  distinguished  by  die  foreign  agri- 
cultural writers. as  jjwre  clays.  They  are  all  probably  made  upof  some 
of  the  varieties  of  porcelain  clay,  more  or  less  in(ima(ely  mised  with 
siliceous  andochrey  particles — in  go  rainuie  a  state  of  division  that  they 
caniiot  be  separated  by  the  method  of  decantation  above  described. 

These  clcn/s  are  adople^  by  the  German  and  French  writers  as  a 
standard  to  which  they  caii  liken  clay  soils  in  general,  and  by  compari- 
son witli  which  (hey  are  eiiabled  distinctly  to  classify  and  name  ihem. 
As  the  use  of  the  term  clay  in  this  sense  has  been  introduced  into  Eiig- 

■  In  an  mIel-eBllnE  paper  on  sobsoil  ploUEhing  by  Mr.  H.  S.  Thompson,  in  IhsrppDrl  of 
tho  Yorkshire  Agrlcullurd  Society  for  18W,  p.  37,  il  It  staled  thai  [he  lias  clays,  whiA  Ibrm 

1  "When  heated  to  redoess  the  whole  dru. '  water  <s  driven  off  from  thess  clEijrs,  and'Uie; 


lish  agricultural  books,*  and  as  it  is  really  desirable  to  possess  a  word  to 
■which,  the  above  meaning  can  be  attached,  I  shali  venture  in  future  m 
einploy  it  always  strictly  in  (his  agricrdturat  sense. 

By  alumina,  then,  I  shall  in  all  cases  express  the  pure  earth  of  alum, 
which  exists  iocla^s,  and  lo  which  they  owe  tlieir  tenacity — by  ciat,  a 
finely  dimded  chemical  cojnpaund,  consuling  very  nearly  of  GQ  of  silica 
and  40  ofahimma,  imtk  a  little  oiide  of  iron,  andfrora  vihick  no  siliceous 
or  sandy  matter  cam.  he  separated  nieckanically  or  by  decantation. 

Of  this  clay  the  eacthy  part  of  all  known  soils  is  made  up  by  mere 
mechanical  admixture  with  the  other  earthy  consliluents  (sand  and 
lime),  in  variable  proportions-  On  a  knowledge  of  these  proportions  the 
following  general  classification  and  nomenclature  are  founded. 

§  3.  Of  the  classification  of  soilsfrom  their  chemical  coTtsdtuents. 
Upon  the  principles  above  described  soils  may  be  classified  as  fol- 

1",  Pure  clay  (pipe-clay)  consisting  of  ahout  60  of  silica  and  40  of 
alumina  and  oxide  of  iron,  for  the  most  part  chemically  combined.  It 
allows  no  siUceo US  sand  to  subside  when  difiirsed  through  water,  and 
rarely  forms  any  extent  of  soil. 

S".  Stn»igest  clay  soil  (tile-clay,  imctuous  clay)  consists  of  pure  elay 
mixed  with  5  to  15  per  cent,  of  a  siliceous  saud,  which  can  be  separated 
from  it  by  boiling  and  decantation. 

3°-  Clay  loam  differs  from  a  clay  soil,  in  allowing  from  15  to  30  per 
cent,  of  Hoe  sand  to  be  separated  from  it  by  washing,  as  above  described. 
By  this  admixture  of  sand,  lis  parts  are  mechanically  separated,  and 
hence  its  freer  and  more  friable  nature. 

4°.  A  loamy  soil  deposits  from  30.  to  60  per  cent,  of  sand  by  mechani- 
cal washing. 

6°.  A  s^idy  loam  leaves  fron^  60  to  90  per  cent,  of  sand,  and 

6°.  A  saruiy  soil  contains  no  more  than  10  per  cent,  of  pure  elay. 

The  mode  of  examining  with  the  view  of  naming,  soils,  as  above,  is 
very  simple.  It  is  only  necessary  to  spread  a  weighed  quantity  of  the 
soil  in  a  thin  layer  upon  writing  paper,  and  to  dry  it  for  an  hour  or  two  in 
an  oven  or  upon  a  hot  plate,  the  heat  of  which  is  not  sufficient  to  dis- 
colour the  paper — the  loss  of  weight  gives  the  water  it  contained.  While 
this  is  drying,  a  second  weighed  portion  may  be  boiled  or  otherwise 
thoroughly  incorporated  with  water,  and  llie  whole  then  poured  into  a 
vessel,  in  which  the  heavy  sandy  parts  are  allowed  lo  subside  until  the 
fine  clay  is  beginning  to  settle  also.  This  point  must  be  carefully 
watched,  the  liquid  then  poured  ofi^  the  sand  collected,  dried  as  before 
upon  paper,  and  again  weighed.  This  weight  is  the  ([oantity  of  sand 
in  the  known  weight  of  nwist  soil,  which  by  the  previous  experiment  has 
been  found  to  contain  a  certain  quantity  of  water. 

Thus,  suppose  two  portions,,  each  2''il  grs.,  are  weighed,  and  the  one 
in  the  oven  loses  50  grs.  of  water,  a^d  the  other  leaves  60  grs.  of  sand, 
— then,  the  200  grs.  ofmmst  are  equal  to  150  ol  dry,  and  this  150  of  dry 

'  Aa  ka  Byilialt  Husbandry^  p.  113,  and  in  Loudon^a  Ei^i/ciifpiEdia  of  AgricidluTc,  p.  Slfi, 

dibits  wiiii  su^cieiit  protfilqetkca  rha  taeimmg  to  be  aUached  lo  affricJtUvriii  ijay,  na  diatia. 
unieliad  fmm  slumina,  Bumelimes  called  pure  doy  by  Itis  chemist.  " ,  .^  .  , ,, . 


Lus.      233 

soil  comaiii  60  of  saod.  or  40  in  100  (40  per  cenL.)  It  would,  therelure. 
be  properly  called  a  loam,  or  loamy  soil. 

But  the  above  classification  has  reference  only  lo  tlie  clay  and  sand, 
while  we  Itoow  that  lime  is  an  imporlanc  constituent  of  soils,  of  whick 
ihey  are  seldom  entirely  desUtule.     We  have,  therefore, 

7°.  Marly  soils,  in  which  the  proportion  of  lime  is  more  ihan  5  but 
does  not  exceed  20  per  cent,  of  the  whole  weight  of  ihe  dry  soil.  Tha 
marl  is  a  sandy,  loamy,  or  clay  marl,  according  as  (he  proporfion  of 
clay  it  contains  would  place  it  under  the  one  orother  denomination,  sup- 
posing it  io  be  entirely  free  from  lime,  or  not  to  contain  more  than  5  per 

8°.  Caleareotis  Smis,  in  which  the  lime  exceeding  30  percent,  becomes 
iho  distinguishing  constituent.  These  are  also  calcareous  clays,  calca- 
reous loams,  or  calcareous  sands,  according  to  the  proportion  of  clay  and 
sand  which  are  present  in  them. 

The  determination  of  the  lime  also,  when  it  exceeds  5  per  cent.,  is 
attended  with  no  difficulty. 

To  100  grs.  of  the  dry  soil  diffiised  through  half  a  pint  of  cold  water, 
and  half  a  wine-glass  full  of  marialic  acid  {the  spiritof  saltof  the  shops), 
sdr  it  occasionally  during  the  day,  and  let  it  stand  over-night  to  settle. 
Pour  qffihe  cleat  liquor  in  themorningondfilluplhe  vessel  with  water, 
to  wash  away  (he  excess  of  acid.  When  the  water,  is  again  clear,  pour 
it  oS,  dry  the  soil  and  weigh  it — (be  loss  will  amount  generally  lo  about 
one  per  cent,  more  than  the  quantity  of  lime  present.  The  result  will 
he  sufE.cienlly  near,  however,  for  the  purposes  of  classification.  If  the 
loss  exceed  5  grs.  from  100  of  the  dry  soil,  it  may  be  classed  among  the" 
marls,  if  more  than  20  grs,  among  the  calcareoussoils. 

Lastly,  vegetable  raatler  is  sometimes  the  characteristic  of  a  soil, 
which  gives,  nse  lo  a  further  division  of 

9°.  ^Vegetable  moidds,  which  are  of  various  kinds,  from  the  garden 
moiild,  which  contains  from  5  to  10  percent.,  to  the  peaty  soil, in  which 
the  organic  matler  may  amount  to  60  or  70.  These  soils  also  are  clayey, 
loamy,  or  sandy,  according  lo  the  predomioaol  character  of  the  earihy 
admixtures. 

The  method  of  determining  the  amount  of  vegetable  matter  for  the 
purposes  of  classification,  is  to  dry  the  soil  weli  in  an  oven,  and  weigh 
it;  then  lo  heat  it  to  dull  redness  over  a  lamp  or  a  bright  (ire  till  tlio 
combustible  mailer  is  burned  away.  The  loss  on  again  weighing  is  Oie 
quantity  of  organic  matter. 

Summary. — The  several  sleps,  therefore,,  to  be  laken  in  examining  a 
soil  with  the  view  of  so  far  determining  its  constitution  as  lo  be  able  pre- 
cisely to  name  and  classify  it,  will  be  best  laken  in  the  following  order  v^~ 

1°.  Weigh  100  grains  of  the  soil,  spread  them  in  a  thin  layer  upon 
white  paper,  and  place  them  for  some  hours  in  an  oven  or  other  hoi 
place,  the  heat  of  which  may  be  raised  till  it  only  does  not  discolour  the 
paper.    The  loss  is  water. 

a'-'.  Let  it  now  (after  drying  and  weighing)  be  burned  over  the  fire  ae 
above  described.     The  second  loss  is  organic,  chiefly  vegetable  matler. 
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wilh  half  a  wine-glass  fuli  of  spirit  of  salt,  and  frequently  stirred. 
When  miiiule  bubbles  of  air  cease  lo  rise  from  (he  soil  on  settling,  this 
process  may  be  considered  as  al  an  end.  The  loss  by  this  treatment 
will  be  a  little  more  than  the  true  per  centage  of  lime,*  and  it  will  gen- 
erally be  nearer  the  truth  if  that  portion  of  soil  be  employed  which  has 
been  "previously  heated  lo  redtiess. 

4°.  A  fresh  portion  of  the  soil,  perhaps  SOO  grs.  in  its  moist  stale,  may 
now  be  taken  and  washed  to  determine  the  quantity  of  siliceous  sand  it 
contains.  If  the  residual  sand  be  supposed  to  contain  calcareous  matter 
its  amount  may  readily  be  determined  by  treating  the  dried  sand  wilh 
diluted  muriatic  acid,  in  the 'same  way  as  when  determining  the  whole 
amount  of  lime  (3°.)  contained  in  ikp  unwashed  soil. f 

Let  me  illustrate  this  by  an  example. 

Example. — Along  the  ouicrop  of  sopie  of  the  upper  beds  of  the  green 
sand  in  Berkshire,  "Wiltshire,  and  Hampshire,  and  probably  also  in 
Buckingham  and  Bedford,  occur  patches  of  a  loose  friable  grey  soil 
mixed  wilh  occasional  fragments  of  ilint,  which  is  noted  for  producing 
excellent  crops  of  wheat  every  oiher  year.  It  is  known  in  the  valley  of 
Kingselere,  j^  Wantage,  and  Newbury.  I  select  a  porliou  of  this  soil 
from  the  latter  locality  for  my  present  illiisiraiion. 

1°.  After  being  dried  in  the  air,  and  by  keeping  some  time  in  paper,  it 
was  exposed  for  some  hours  to  a  temperature  sufficient  to  give  the  wliiie 
paper  below  it  a  scarcely  perceptible  tinge:  by  this  process  104j  grs. 


n  4  grs. 
2°.  Wlif 


iVlien  thus  dried,  it  was  healed  lo  dull  redness.  It  first  black- 
ened; and  then  gradually  assiimed  a  pale  brick  colour,  tlie  change,  of 
course,  beginning  at  ihe  edges.     The  loss  by  this  process  was  4^  grs. 

3°.  After  this  healing,  it  was  put  into  half  a  pint  of  pure  rain  waler 
wilh  half  a  wine-glass  full  of  spirit  of  sail.     AlYer  some  hours,  when  the 
action  had  ceased,  ihe  soil  was  washed  and  dried  again  at  a  dull  red 
heal.     The  loss  amounted  lo  3  grs. 
The  soil,  therefore,  contained 

Water 4  grs. 

Organic  matter  (less  than)  .  .  4^ 
Carbonate  of  time  (less  than)  .  3 
Clay  and  sand 93^ 

104^ 
4°.  By  boiling  and  washing  wilh  water,  291  grs.  of  the  undried  soil 
left  20ai  grs.  of  very  fine  sand, chiefly  siliceous, — 104i,  therefore,  would 
have  left  73  grs.,  or  the  soil  contained  per  cent. — 


''%'ZI^ 

icilbed  may  be  a 

iC^lst^ 

Ba.,  end  the  va« 

rin« 

a  untlnned 

ironlBblB-spoQt, 

irlght  cinii 

scale  of  o: 

bs  U 

ed  m  the 

the%Els[  ^ 

mall 

cold,  bikI  U 

sMly,  ma"obulr 

S"-! 

a  llS?"llI 

linum  capBulea  1 

'l/lnc°he' 

idriiTioo'g 

for  a  few  GhiUiiiifs  ji 

.  a  epiril 

235 

Water 3-9  per  cent. 

Organic  matter  (less  than)    .     .       4-1 
Carbonate  of  Uiue  (less  than)    .      3'0 

Clay 19-0 

Sand  (very  fine) 70.0 

lOO'O' 
This  soil,  therefore,  containing  70  per  cent,  of  sand,  separable  by 
decantalion,  is  properly  a  sandy  warn., 

§4.  Of  the  dufmguishing  characters  of  ioUs  and  subsoils. 

Beneath  the  iminedjate  surface  soil,  thronah  which  the  plough  makes 
its  way,  and  to  which  ihe  seed  is. entrusted,  lies  what  is  commonly  dis- 
tinguished by  the  name  of  suhsoil.  This  subsoil  occasionally  eonsislB 
of  a  mixture  of  the  general  conslitoenta  of  soils  naturally  different  from 
that  which  forms  the  surface  layer— as  when  clay  above  has  a  sandy 
bed  below,  or  a  light  soil  on  the  surface  rests  on  a  reienlive  clay  beneath. 

This,  however,  is  not  always  the  case.  The  peculiar  characters  of 
the  soil  and  subsoil  often  result  from  the  slow  operation  of  natural  causes. 

In  a  mass  of  loose  matter  of  considerable  depth,  spread  over  an  extent 
nf  country,  it  is  easy  to  understand  how — even  though  originally  alike 
through  its  whole  mass— a  few  inches  at  the  surface  should  gradually 
acquire  difTerSnt  physical  and  chemical  characters  fmm  the  rest,  and 
how  there  should  thus  be  gradually  established  important  agricultural 
distinctions  between  the  first  12  or  15  inches  (the  soil),  the  next  15  (the 
subsoil),  and  the  remaining  body  of  the  mass,  which,  lying  still  lower, 
does  not  come  under  the  observation  of  the  nraclical  agnculiurist. 

On  the  surface,  plants  grow  and  die.  Through  the  first  few  inches 
their  roots  penetrate,  and  in  the  same  the  dead  plants  are  buried.  This 
portion,  therefore,  by  degrees,  assumes  a  brown  colour,  more  or  less  dark, 
according  to  the  quantity  of  vegetable  matier  which  has  been  permitted 
to  accumulate  in  it.  Into  the  subsoit,  however,  the  roots  rarely  pene- 
trate, and  the  dead  plants  are  still  more  rarely  buried  at  so  great  a  depth. 
Sill  this  inferior  layer  is  not  wholly  destitute  of  vegetable  or  other  or- 
ganic matter.  However  comparatively  impervious  it  may  he,  still  water 
makes  its  way  through  it,  more  or  less,  and  carries  down  soiMf,  organic 
substattcesf  which  are  continually  in  the  act  of  being  produced  during  the 
decay  of  the  vegetable  matter  lying  above.  Thus,  though  not  sensibly 
discoloured  by  an  admixture  of  decayed  roots  and  stems,  the  subsoil  in 
reality  contains  an  a.ppreciahle  quantity  of  organic  matter  which  may 
be  distinctly  estimated. 

Again,  Ihe  continual  descent  of  the  rains  upon  the  surface  soil  washes 
down  the  cariionates  of  lime,  iron,  and  magnesia,  as  well  as  other  soluble 
earthy  substances — it  even,  by  degrees,  carries  down  the  fine  clay  also. 
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BO  aa  gradually  lo  eslablisii  a  more  or  loss  manifest  differonce  between 
the  upper  and  lower  layers,  in  reference  even  to  the  earthy  ingredienla 
which  they  respectively  contain. 

Bui,  except  in  the  case  of  very  porous  rocks  or  accamulalions  of  earthy 
matter,  these  surface  waters  rarelvdescend  to  any  great  depth,  aud  hence 
after  sinking  through  a  variable  thickness  of  subsoil,  we  come,  iu  gene- 
ral, to  earthy  layers,  in  which  little  vegetable  matter  can  be  detected, 
and  10  which  the  lime,  iron,  and  magnesia  of  the  superficial  covering 
has  never  been  able  to  descend. 

Thus  the  character  of  the  soU  is,  that  it  contains  more  brown  organic, 
chiefly  vegetable,  matter,  in  a  state  of  decay — of  the  sufisoii,  that  the  or- 
ganic matter  is  less  in  quantity  and  has  entered  it  chiefly  in  a  soluble 
state,  and  that  earthy  matters  are  present  in  it  which  have  been  washed 
out  of  the  superior  soli — and  of  the  sabjacent  mass,  that  it  has  remained 
nearly  unafiected  by  the  changes  which  vegetation,  culture,  and  almoa- 
pherio  agents  have  produced  upon  the  portions  that  lie  above  it. 

Fram  what  is  here  stated,  the  effect  of  trench  and  subsoil  ploughing, 
in  alteiJDgmore  or  less  materially  the  proportions  of  the  earthy  constitu- 
ents in  the  surface  soil,  will  be  in  some  measure  apparent.  That  which 
the  long  action  of  rains  and  frosts  has  caused  to  sink  beyond  the  ordinary 
reach  of  the  plough  is,  by  such  methods,  brought  again  to  the  surface. 
When  the  substances  thus  brought  up  are  directly  beneficial  to  vegeta- 
tion or  are  fitted  toimprovethe  texture  of  the  soil,  its  fertility  is  increased. 
Where  the  contrary  is  the  case,  its  productive  capabilities  may  for  a 
longer  or  a  shorter  period  be  manifestly  diminished. 

5  6.  On  the  general  origin  of  soils. 

On  many  parts  of  the  earth's  surface  the  naked  rocks  appear  over 
considerable  tracts  of  country,  without  any  covering  of  loose  mate- 
rials from  which  a  soil  can  be  formed.  This  is  especially  the  case  in 
mountainous  and  granitic  districts,  and  in  the  neighbourhood  of  active 
or  extinct  volcanoes,  where,  as  in  Sjcily,  streams  of  naked  lava  stretch 
in  long  black  lines  amid  the  surrounding,  vetdu re. 

But  over  the  greater  portion  of  our  islands  and  continents  the  rocks 
are  covered  by  accamulalions,  more  or  less  deep,  of  loose  materials — 
sands,  gravels,  and  clays  chiefly^-the  upper  layer  of  which  is  more  or 
less  susceptible  of  culuvajion,  and  is  found  to  reward  the  exertions  of 
human  industry  with  crops  of  corn  in  greater  or  less  abundance. 

This  sopetficial  coveringof  loose  materials  varies  from  a  few  inches  (o 
one  or  two  hundred  feet  in  depth,  and  is  occasionally  observed  to  consist 
of  differeot  layers  or, beds,  placed  one  over  the  other — such  as  a  bed  of 
elay  over  one  of  gravel  or  sand,  and  a  loamy  bed  under  or  over  both. 
In  such  cases  the  characters  and  capabilities  of  the  soil  must  depend 
upon  which  of  these  layers  may  chance  (o  be  uppermost — and  its  char- 
acter may  often  be  beneficially  altered  by  a  judicious  admixture  with 
portions  of  (he  subjacent  layers. 

It  is  oRen  observed,  where  naked  racks  present  themselves,  either  in 
cliffs  or  on  more  level  parts  of  the  earth,  ihal  the  action  of  the  rains  and 
frosts  causes  their  surfaoes  gradually  lo  shiver  ofi^  crumble  down,  or 
wear  away.  Hence  at  the  base  of  cliBs  loose  mailer  collects — on  com- 
paratively levelsurfaces  the  crumbling  of  theroch  gradually  fprm^asoil — 
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while  from  those  which  are  sufficiently  inclined  the  raios  wash  away 
the  loose  materials  as  soon  as  ihey  are  separated,  and  carry  them  down 
to  ihe  vallies. 

The  superficial  accumulalions  of  which  we  have  spoken,  as  covering 
the  rocks  in  many  places  to  a  depth  of  one  or  two  hundred  feet,  consist 
of  materials  thus  washed  down  or  otherwise  cranaporied — by  water,  by 
winds,  or  by  other  geological  agenls.  Much  of  these  heaps  of  transported 
matler  is  in  the  state  of  too  fine  a  powder  to  permit  us  (0  say  from  whence 
it  has  been  derived — but  fragraenis  of  greater  or  less  size  are  always  to 
be  found,  even  among  the  clays  and  fine  sands,  which  are  sufficient  to 
point  out  to  the  skilful  geologist  ihe  direction  from  which  the  whole  has 
been  braught,  and  often  the  very  rocks  from  Which  the  entire  accumula- 
lions have  been  derived. 

Thus  the  general  conclusion  is  fairly  drawn,  that  the  earthy  matter  of 
all  soils  has  been  produced  by  the  gradual  decay,  degradation,  or  crumb- 
ling down  of  previously  exiaungrocks.     It  is  evident  therefore — 

1°.  That  whenever  a  soil  resis  tmmediatelyupon  the  rock  from  which 
it  has  been  derived,  it  may  be  expected  to  partake  more  or  leas  of  the 
composition  and  characters  of  that  rock. 

2°.  That  where  the  soil  forms  only  the  surface  layer  of  a  considerable 
depth  of  transported  materials,  it  may  have  no  relation  whatever  either 
in  irineralogical  characters  or  in  chemical  constitution  to  the  immedi- 
ately subjacent  rocks. 

The  soils  of  Great  Britain  are  divisible  into  two  such  classes.  In 
some  counties  an  acquaintance  with  the  prevailing  rockof  the  district 
enables  us  to  predict  the  general  chataciers  and  quality  of  the  soil ;  in 
others — and  nearly  all  our  coal  fields  are  in  this  case — the  general 
character  and  capabilities  of  [he  soil  have  no  relalioii  whatever  to  the 
mcks  on  which  the  loose  m(ileriala  rest. 

§  6.  On  Ike  general  structure  of  the  earth's  crust. 

Beneath-  the  soil,  and  the  loose  or  drifted  madere  on  which  it  rests,  we 
everywhere  find  the  solid  rock.  This  rock  Jn  most  countries  is  seen— 
in  mines,  quarries,  and  cliffs — to  consist  of  beds  or  layers  of  varied  thick- 
ness placed  one  over  the  other.  ■  To  these  layers  geologists  give  (he 
name  of  strata;  and  hence  roeka  which  are  thus  made  up  of  many  se- 
parate layers  ate  called  stratified  rocks. 

But  in  some  places  entire  mountain  masses  are  met  with,  in  which  no 
parting  into  layers  or  beds  is  seen,  but  which  appear  to  consist  of  one 
unbroken  rock  of  the  same  material  from  their  upper  surface  down- 
wards, and  often  as  far  beneath  as  we  have  been  able  to  petieirale  into 
the  earth.  Such  rocks  are  said  to  be  unstralifted.  Among  these  are 
included  the  granites,  the  (rap,  green-slone,  or  basaltic  rocks,  and  the 
lavas.  Geologists  have  ascertained  that  all  'these  unslratlfied  rocks  have, 
like  the  volcanic  lavas,  been  in  a  more  or  less  perfectly  melted  state — 
ttiat  their  present  appearance  is  owing  to  the  action  of  fire — and  hence 
they  are  often  called  igneous*  rocks.  They  often  also  exhibit  a  more  ot 
less  crystallijie  or  glassy  structure,  or  contain,  imbedded  in  them,  nu- 
merous regular  crystals  of  mineral  subslances;  hence  ihey  are  some- 
times called  also  crystalline  roclss.  The  terms  ignepua,  crystalline,  and 
■  8Qmeiiinespyn^mun«,pH>duoeLlby  Eraj  but  Oils  la  an  HiiiieceBsatU)' ftord  word. 
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onstratified,  therefore,  apply 


le  claea  of  rocks — ihe  fifsi  indies 
. ,     ,  id  Iheir  structure  in  the  small,  the  third  tbei 

ike  large,  as  distinguished  from  that  of  the  rocliB  which  occu 

The  following  diagram  exhibits  the  general  appearBnce  of  the  slrat' 
id  rocks  aa  they  aro  found  to  occur  in  contact  with  unstralifieii  n 
various  parts  of  the  glohe  ; — 


A  represents  an  unslralified  mouulain  mass  or  other  similar  rock  ri 
up  tlirough  the  sIratiSed  deposits.  The  bending  up  of  the  edges  of  ibe 
latter  indicaies  that  after  the  beds  were  deposited  in  a  nearly  level  po«i- 
tion,  the  mass  A.  was  intruded  or  forced  up  through  them,  carrying  the 
broken  edges  of  the  beds  along  with  it. 

B  shows  the  more  quiet  way  in  which  veins  or  dykes  of  unstratifiei 
ereen-stooe,  or  trap,  or  lava,  cut  through  ihe  beds  wiihout  materially 
displacing  them — as  if  when  in  a  3u id  stale  it  had  risen  up  and  filled  i 
previously  existing  crack  or  chasm.  In  Devonshire,  in  the  North  of 
Scotland,  and  in  Ireland,  the  granite  rises  in  many  places  exactly  a<:  iij 
shown  at  A,  and  nearly  all  our.  coal  fields  exhibit  in  their  whin  dykes 
numerous  illustrations  of  what  is  shown  at  B. 

C  and  D  exhibit  the  manner  in  which  the  strata  overlie  one  another 
in  nearly  a  horizontal  position — 1,  2,  3,  indicating  diflerent  kinds  of  rock, 
— as  a  lime-alone,  a  sand -stone,  and  a  clay — which  again  are  subdivided 
into  beds  or  thinner  layers,  by  the  partings  exhibited'in  the  wood-cut. 

The  stratified  rocks  lie  sometimes  nearly  leve!  or  horizontal  over  largp, 
tracts  of  country — as  in  the  above  diagram, — sometimes  they  are  more 
or  less  inclined  or  appear  to  dip  in  one  and  to  rise  in  the  opposite  direc- 
tipn — as  if  a  surface,  formerly  level,  had  been  pushed  down  at  the  one 
eiid  and. raised  up  at  the  other, — and  sometimes  they  seem  to  rest  entire- 
ly  upon  iheir  ed^es.  Upon  the  mode-in  which  they  thus  lie,  the  unifor- 
mity of  the  soil,  in  a  district  where  it  reposes  immediately  on  the  rocks 
from  which  it  is  derived,  is  materially  dependent.  In  the  following  dia- 
gram the  surface  from  A  to  E  represents  a  tract  of  country  in  which  the 
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tocks  have  in  different  parts  these  different  degrees  of  inclination,  at  A 
vertical,  at  B  more  inclined,  and  from  C  to  E  nearly  horizontal.  Now, 
it  is  obvious  that  if  the  outer  surface  of  these  several  rocks  crumble  and 
form  a  soil  which  rests  where  it  is  produced — then  the  quality  of  the  soil 
on  every  spot  will  be  determined  by  the  nature  of  the  rock  benesth. 
Hence,  in  procpeding  from  E  over  the  comparatively  level  strata,  we 
shall  find  the  soil  pretty  uniform  in  quality  till  we  come  to  the  edge  of 
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ihe  bed  D,  ihetice  it  will  again  be  uniform,  though  perhaps  different  from 
the  former,  till  we  reach  the  stratum  C,  when  again  it  will  prove  uni- 
form over  a  considerable  space  till  we  begin  lo  climb  the  bill  to  B.  So 
the  whole  hill-aide  in  ascending  10  B.  will  be  of  one  and  the  same  kind 
of  soil.  But  as  we  descend  on  ihe  other  side  and  pass  B,  we  get  upon 
the  edges  of  the  beds,  and  ihen  as  we  proceed  from  one  bed  lo  another, 
the  quality  of  the  soil  may  vary  every  few  yards,  more  or  less,  ac- 
cording as  ihe  members  of  this  group  of  beds  are  more  or  less  differ- 
ent from  each  other-  But  when  we  ascend  the  hill  lo  A,  where  the 
beds,  besides  being  vertical,  are  also  very  (hin,  the  soil  may  change  at 
almost  every  step,  provided — which  is,  liowever.  rarely  ihe  case  among 
the  rocks  (slate  njcks)  which  occur  mqsi  frequently  in  this  posiiign — pro- 
vided the  mineralogical  characters  of  the  several  vertical  layers  be  sen- 
sibly unlike.  Such  dissimilarities  in  the  angular  position  ofthe  strata, 
as  are  represented  in  the  above  diagram,  are  of  constant  occurrence,  not 
only  in  our  islands,  but  in  all  pans  of  the  globe ;  and  they  illustrate  very 
clearly  one  important  natural  cause  of  that  want  of  uniformity  in  the  na 
ture  and  capabilities  of  the  soil  which  is  more  or  less  observable  in  everj 
undulating  and  in  some  comparatively  level  countries  also. 

It  may  be  stated,  as  the  general  result  of  an  extended  examination 
of  all  the  stratified  rocks  yet  known — that  they  consist  of  aliernaiions  or 
admixtures  of  three  kinds  of  rock  only — of  sand-stones,  of  lime-sloneg, 
ami  of  clays.  The  sand-stones  are  of  various  degrees  of  solidity  and 
hardness,  from  the  loose  sand  of  some  parts  of  the  lower  new-red  and 
green-sand  formations,  to  ihe  almost  perfect  quartz  rock  not  unfre(|uenily 
associated  with  the  oldest  strata."  Tlie  lime-stones  vary  in  like  manner 
from  the  soft  chalk  to  the  hard  mouniaih  liine-sione  and  the  crystalline 
statuary  marble  ;  while  the  clays  are  found  of  all  degrees  of  hardness 
from  that  of  the  London  and  Kimmeridge  clay?,  which  soften  in  water, 
to  that  of  the  roofing  slates  of  Cumberland  and  Wales, — and  even  to 
that  of  the  gneiss  rocks  which  rest  immediately  upon  the  granite,  and 
which  appear  to  be  only  the  oldest  clays  altered  by  the  action  of  heat. 

But  the  stratified  rocks,  though  thus  distinguishable  into  three  main 
varieties — rarely  consist  of  any  one  of  these  subsraiices  in  an  unmixed 
slate.  The  sand-stones  not  unfrequenlly  contain  a  little  clay  or  lime, 
while  the  lime-stones  and  clays  are  often  mixed  with  sand  and  with 
each  other. 

If  the  stratified  rocks  thus  consist  essentially  of  these  ihree  substances, 
the  soils  formed  from  ihem  by  natural  crumbling  or  decay  must  have  a 
similar  composition.  A  sandy  soil  will' be  formed  from  a  sand-slooe, — 
a  calcareous  soil  from  a  !ime-stooe,^^a  clay  from  a  slate  or  shale, — and 
from  a  mixed  rock,  a  soil  containing  a  mixture. of  two  or  more  of  these 
earthy  ingredients — in  proportions  which  will  depend  upon  the  relative 
quantities  of  each  which  are  coniaioed  in  the  rock  from  which  they  have 
been  deiived, 

/§  7.  Relative  posiUons  and  pecidiar  characters  of  the  several  strata. 
1°.  The  several  strata,  or  series  of  strata,  which  present  themselves 
In  the  crust  of  the  globe,  always  maintain  the  same  relative  positions. 
Thus  the  numbers  3,  3,  1,  in  the  annexed  diagram,  represent  three  series 
of  hpd»  known  by  the  names  of  the  magtiesian  lime-stone,  the  lower  new- 
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red  sahd-slone,  and  ilie  noBl-measures,  lyiiiy  over  each  oilier  in  rhnit 
natural  positions — tlie  lime-slone  upfierniost,  ihe  saatl-slone  cexl,  and 
the  tioal  beneath  boih.  Whenever  these  three  rocks  are  met  with,  uear 
each  other,  they  always  occupy  the  same  relative  jiosiliiin,  the  coal 
never  apfieara  above  this  lime-stine,  and  the  Band-sloDe,  if  present,  is 
always  between  ihe  two  other  series  of  beds.  The  same  is  true  of  every 
other  group  of  strata — the  order  in  which  ihey  are  placed  over  each  other 
is  universally  the  same: 

2°.  These  beds  are  generally  continuous  also  over  very  large  areas — 
or  are  found  to  strelch,  without  interruption,  over  a  great  extent  of  coun- 
try. Hence  when  they  dip  beneath  other  beds,  as  they  are  seen  lo  do 
in  the  above  diagrams,  we  can  still,  with  a  high  degree  of  probability, 
infer  their  presence  at  a  greater  or  less  depth,  wherever  we  observe  on 
the  surface  (hose  other  beds  which  are  known  usually  lo  lie  immediate- 
ly above  them.  Thus,  if  in  a  tract  of  country  consisting  of  the.  magne- 
siatD  lime-stone  (3)  above-mentioned,  it  is  known  that  deep  vallies  occur, 
it  becomes  probable  that  the  soil  in  those  vallies  wiil  rest  upon,  and  may 
be  formed  froiQ,  the  underlying  red  sand-stones  or  coal-measures ;  and 
that  it  wjU  therefore  possess  very  different  agricultural  capabilities  from 
the  soil  thai  generally  prevails  around  it.  Or  in  chalk  districts,,  beneath 
which  usually  lies  the  green-sand,  the  presence  of  a  deep  valley  cutting 
Ibrough  the  chalk  almost  Hecessa.rily  implies  in  the  hollow  a  very  difler- 
ciit  soil  from  that  which  is  cultivated  in  the  chalk  wolds  above.  This  is 
the  case  in  the  valley  of  Kingsclere,  where  the  peculiar  wheat  soil  oc- 
curs, of  ■which  an  approximate  analysis  has  been  given  in  page  234. 

3°.  It  has  been  already  stated  that  the  stratified  rocks,  though  so  very 
numerous  and  so  varied  in  appearance,  yet  consist  generally  of  repeated 
alien) aliens  of  lime-slones,  sand-stones;  and  clays,  or  of  mixtures  of  two 
or  more  of  these  earthy  substances.  But  the  several  seties  of  sirala  are 
nevertheless  distinguished  from  each  other  by  peculiar  and  often  well- 
marked  characters. 

Thus  some  are  soft,  crumble  readily,  and  soon  form  a  soil, — while 
others,  though  consisting  of  the  same  ingredienis,  long  refuse  to  break 
into  ininute  fragments,  and  thus  condemn  (he  surface  of  the  country 
where  they  occur  lo  more  or  less  partial  barrenness. 

In  others,  again,  the  proportions  of  sand  or  lime  are  so  varied,  froni 
bed  to  bed,  that  the  character  of  the  mixture  in  each  is  entirely  different 
— so  that  while  one,  on  crumbling  down,  will  give  a  stiff  clay,  another 
will  produce  a  loani,  dnd  a  third  a  sandy  marl. 

Or,  in  some  rocks  the  remains  of  vegetables  are  present  in  considera- 
ble (luaniity, — as  in  the  neighbourhood  of  our  coal-beds — or  the  bones  or 
shells  of  animals  in  greater  or  less  abundance,  by  each  of  which  ihe 
agricultuial  characters  and  capabilities  of  the  soils  formed  from  them, 
will  be  more  or  less  extensively  affected. 

Or  Zastiy,  the  mixture  of  other  earthy  substances  sjy^.  a  peculiar 


cliaracter  to  many  rocks.  Thus  ihs  per-iiside  of  iron,  which  imparts 
[heir  red  colour  to  many  strata — as  to  (he  red  sandstones — influeocea 
not  only  the  raineralogical  character  of  the  rock,  but  aiso  the  quality  of 
ihe  soil  which  is  formed  by  its  decay.  In  like  maoner  (he  presence  of 
magnesia,  sometimes  in  large  quantity,  in  many  lime-stone^  produces 
a^.  important  modificatioii  in  the  chemical  constitution,  and  mineraloginal 
characters  of  the  rock,  aa  well  as  in  its  relations  to  practical  agriculture. 

In  consequence  of  these  and  other  similar  canses  of  diversity,  if  not 
every  stratum,  at  least  every  series  of  strata,  exhibits  distinguishing  and 
characteristic  peculiarities,  hy  means  of  which  it  may  be  more  or  less 
readily  recognized.  On  these  peculiarities  the  special  agriculiurai  ca- 
pabilities of  those  parts  of  the  globe  in  which  each  series  of  beds  occurs 
are  In  a  great  degree  dependent. 

4".  This  peculiar  character  is  also  more  or  less  continuous  over  very 
large  areas.  Thus  if  a  given  stratum  be  found  on  the  surface  in  any 
part  of  England,  and  again  in  tiny  part  of  Russia,  the  soil  formed  from 
that  bed  wili. generally  exhibit,  very  nearly  the  same  qnalities  in  both 
counrries,  A  knowledge  of  the  geology,  therefore,^ — that  is,  of  the  kind 
of  rock  which  appears  on-lha  surface  in.  every  part  of  a  country — ena- 
bles' us  (0  predict  getierally  Ihe  kind  of  soil  which  ought  to  rest  upon  it, 
if  it  be  not  covered  hy  foreign  acctiroulaiions ;  while,  on  the  other  hand, 
a  knov^iedge  of  the  agricultural  capabilities  of  any  one  district  in  which 
certain  rocks  are  known  to  lie  immediately  beneath  the  soil,  and  of  the 
agricultural  practice  suited  to-.<hat  district,  will  indicate  the  probable  ca- 
pabilities of  any  other  tract  in  which  the  same  kind  of  rock  is  known  to 
appear  on  the  surface,  and  of  the  kind  of  culture  which  may  be  most 
successfully  applied  to  it. 

It  is  evident,  then,  that  a  familiar  acquaintance  with  the  general 
characters  and  relative  positions  of  all  the  series  of  strata  that  have  hith- 
erto been  observed,  and  of  the,  classification  of  rocks  considered  geologi- 
cally, to  which  (his  knowledge  has  led,  must  be  fitted  to  throw  much 
light  upon  the  principles  of  a  general,  enlightened,  and  philosophical 
agriculture - 

§  3.  Classification  of  the  stratified  rocks,  tlieir  extent,  and  the  agricidtu~ 
rat  relations  of  ike  soils  derived  froin  tkem. 

It  is  a  received  principle,  I  may  say  rather,  an  obvious  fact,  (hat  in 
the  crust  of  ihe  earth,  as  in  the  walls  of  a  building,  those  layers  which  lie 
lowest  or  undermost  have  been  first  deposited,  or  are  the  oldest.  In  re- 
ference to  this  their  relative  age,  (he  stratified  rocks  are  divided  into  (he 
primary,  the  first  deposited  and  most  aneteat — the  secondary,  which  are 
next  in  order — and  the  tertiary,  which  overlie  both. 

These  three  series  of  strata  are  again  subdivided  into  systems,  and 
these  into  minor  groups,  called /ormafjons, — the  several  members  of 
each  system  and  formation  having  such  a.  common  resemblance,  either 
in  mineralogical  character  or  in  the  kind  of  animal  and  vegetable  re 
mains  found  in  them,  as  to  show  that  (hey  were  deposited  under  very 
nearly  the  same  general  physical  conditions  of  (he  globe. 

The  following  table  exhibits  the  names,  relative  posiiions,  thicknesses 
and  mineralogical  characters  of  the  stratified  rocks,  in  descending  order 
aa  they  oecarin  oar  islands.    The  annexed  remarks  indicate  M^'.-Jj^olp 
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lislricts  where  each  of  lliese  groups  of  roeks  forms  tlie  surface,  and  tlia 
general  agricultural  characler  of  (he  soils  lliat  rest  upOD  ihem. 
I.  Tei 


MIWERALOQICiJ.  C 

1°.   Cran,  bOft.  A  maaa  of  rolled.pebbles  miied  w 

marine  shells — res^g  on  beds  of  an 
and  sandy  lime-stone  j  die  whole  n 

Extent. — 'The  Crag  forms  a  stripe 
ern  part  of  Norfollt  and  Suffolk^  anii  in 
ty.    It  is  a  flat,  and  generally,  it  it 

2°.  Fresh-water  Marls-  100^.  Marls  and  marly  lirae-slones,   witli 

fresli-water  shells  divided  into  two  bg- 

lies  by  an  esluary  deposit,  containing 

marine  shells. 

Extent,— On  fheae  beds  reposes  the  soil  of  the  norlhem  half  of  the  Isla  of 

Wight,  llie  only  part  of  England  in  which  they  appear  at  the  surface. 

3°.  London  Clay.    200  to  500/f.  Stiff,ahiioEtinipeiTious,brown,hlue, 

and  blackish  clay,  rich  in  marine  sheik, 
and  contiuninglayersoflimB-Hlone no- 
dules. 
Extent. — The  greater  part  of  the  county  of  Bdiddlesex,  tha  soath-eaEtevji 
half  of  Essex,  and  the  sonthem  half  of  Hampshire,  rest  upon  ^e  London  Clay. 
Soil.— The  soil  is  naturally  strong,  heaVy,  wet,  and  tenacious,  "sticking  to 
the  plough  like  pitch,"  and  shrinking  and  cracldn?  in  dry  weather.     Where  it 
is  mixed  with  sand,  it'forma  a  fertile  loam;  and  h^nce  where  the  sand  of  the 
HUbjacent  plastic  clay  is  easuly  accessible,  it  may  readily  be  improved  by  sd- 
mizture.    Kepeated  dressings  of  London  manure  convert  it  into  rich  meadow 
Ituid,  and  even  where  this  cannot  be  obtained,  the  difficulty  and  expense  of  cul- 
ture have  caused  a  very  large  portion  of  it  to  be  retained  in  pasture.     That 
which  is  under  culture  is  said  to  be  too  strong  for  turnips  and  barley,  but  to 
grow  excellent  crops  of  wheat  and  beans. 

4°.  Fiaslic  Clay.     300  io400^.  Alternating  beds  ofolayandaand.  of 

various  colours  and  thicknesses.  Some 
of  the  beds  of  day  are  pure  white,  and 
so  fine  as  to  ba  used  for  making  pipes. 

Extent. — This  formation  surroands  the  London  clay  with  an  indented,  gen- 
erally low,  and  Am  belt,  of  varying  breadth,  occupying  a  large  space  in  Hamp 
shire  and  Dorset,  in  Essex,  Suffolk,  atid  Norfolk, — stretching  along  the  north- 
ern part  of  Kent  and  Surrey,  and  throwing  out  arms  into  Berks,  Buckingham, 
and  Hertford. 

Soil. — The  soil  Is  very  various,  the  alternate  beds  of  sand  and  clay  of  differ- 
ent qualities  produouig  soils  of  the  most  unlike  ijuality  ofien  within  very  short 
distances.  The  greatest  portion  of  this  tract  is  m  arable  culture,  but  there  are 
exlen^ve  hea^s  and  wastes  in  Berks,  Hampshire,  and  DoraeL 

In  Norfolk  and  Suffolk,  where  the  lower  beds  of  this  sand  rest  upon  chidk, 
the  soil  is  leadily  changed,  by  an  admixture  with  (his  chalk,  into  a  good  sandy 
loam,  which  will  yield  large  crops  of  turnips,  barley,  and  wheat,  instead  of  the 
heatii  and  bent,  its  sole  original  produce.  This  chalking  is  generally  repeated 
once  in  8  years,  at  an  expense  of  SOs.  an  acre.  In  Hampshire  and  Berkshire, 
the  same  method  is  adopted  with  great  success,  and  the  nch  crops  now  reaped 
from  Hounslow  Heath  are  the  result  of  this  method  qC  improvement. 
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II.  The  Secondary  Strata — coniain  no  animal  remains  whicb 
can  be  Idendfied  with  existing  species.  Those  which  are  found  in  tliem 
are  nearly  ail  diflerent  frozii  those  wliicli  occur  either  in  the  tertiary 
above  ot  the  primary  strata  below. 

A. — CBETAeEODS    SYSTEM. 

o".   chalk.  GOO  Jl.  The  upper  part  softer,  and  contain- 

ing layers  of  nints,  with  many  marine 
remains.    Below,  the  chatk  is  harder, 
and  towards  the  bottom  passes  into 
beds  of  marl — (chaUt  marl). 
Extent. — The  chalk  occupies  a  very  large  area  in  the  soulh-easlem  part  of 
tlie  island.     It  fbiws  a  broad  band  of  from  15  to  S5  miles  in  breadth,  running 
north-east  and  soulh-west  from  the  extreme  south-western  part  of  Dorset,  to 
the  eitreme  north  of  Norfolk, — it  there  turns  nearly  at  a  right  angle,  into  the 
centre  of  Lincolnshire,  where  it  is  lO  to  15  miles  in  breadth,  and  Ihence  stretchea 
into  Yorkshire,  in  the  south-eastern  [lart  of  whiph  coimty  it  covers  a  large  area, 
and  about  Flamboroi^  Head  attains  a  breadth   of  35  miles.    In  passing 
through  Berkshire  and  Suirey,  it  is  partial^  interrupted  by  the  plasttc  clay 
which  it  embraces  on  every  aide;  and  hence,  m  following  the  outlme  of  this  for- 
mation iieneui;leB  with  a  broad  fringe  ihe  southern  edges  of  Sussex  and  Surrey 
and  the  northern  borders  of  Kent 

Soil.— The  soils  formed  from  the  upper  chalk  are  oil  more  or  less  mixed 
with  tlints,  and  they  produce  naturally  a  very  short  but  excellent  sheep  pasture. 
A  great  portion  of  this  chalk-land  in  Dorset,  "Wills,  and  Berks,  has  been  occu- 
pied as  a  sheep-walk  for  ages,  though  under  proper  cultivation  it  is  said  to  be 
convertible  into  good  arable  land,  producing  barley,  turnips,  wheat,  and  smu- 
foin.  The  lower  chalk  soils  (chalk  marl)  consist  of  a  deep,  strong,  calcareous 
eiey  or  white  loam^  veiy  productive,  and  when  mixed  with  the  green  sand  be- 
low it,  becoming  still  richer,  more  ftiable,  and  more  productive  ctf  every  kind  of 
crop.    It  is  better  suited  fbr  wheat  than  the  upper  chalk,  but  is  less  adapted  for 

The  porous  nature  of  the  chalk  renders  the  soil  very  dry,  and  in  many  locali- 
ties the  only  method  of  obtaining  a  suifiiaeiit  supply  of  water  is  by  forming 
ponds  to  catch  and  retain  the  rain-water. 

In  Norfolk  and  Suffolk:,  on  the  Lincolnshire,  and  more  recently  on  the  York- 
shire Wolds,  great  improvement  has  been  effected  by  dressing  t]ie  chalk-soil 
with  fresh  ehdk  brou^ltip  from  a  considerable  depth  below,  and  laid  on  at  the 
rate  of  50  to  80  cubic  yar^s  per  acre.  The  explanation  of  this  procedure  is  to 
be  found  in  the  lact  above  stated,  that  the  lower  chalk  marls,  without  flints,  pro- 
duce an  eieellent  soil,  fitted  therefore,  by  admixture  with  the  pooierupper-chalk 
soils,  for  materially  improving  their  quality.  It  is,  therefore,  only  InlooalitieB 
where  this  lower  chalk  can  be  obtpined,  that  thp  above  method  of  improve- 
ment can  be  wilJi  any  material  advantage  adopted.  This  is  proved  5y  the 
Siriic^ce  at  Sudbury,  in  Suffolk,  which  rests  upon  the  upper  beds,  where  it  la 
mind  to  be  more  profitable  to  import  the  lower  chalk  from  Kent,  to  lay  upon 
these  lands,  than  to  dress  them  with  any  of  the  chalks  (only  upper  beds)  which 
are  immediately  within  their  roach.* 

G°.  -Orefn  Sand.         500  ft.  Theujiner  beds  consist  of  layers  of 

a  Upper,   100.  a   greenish  sand  or  sand-atone,  oflen 

*  Gault,'   150,  chalky.    The  ganit  is  a  solid  compact 

c  Lower,  ^0.  mass  of  tin  impervious  blue  clay,  some- 

times marly.    The  lower  green  sand 
contains  a  scries  of  ochrey  resting  on  a 
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series  of  greenlBli  aandy  strata.     The 

whole  of  these  beds  are  in  many  placeB 

fiiUoffoBSila, 

Extent. — The  Green  Sand  foims  a  narrow  border  round  the  whole  of  the 

northern  and  western  edge  of  the  chalk,  except  in  Yorkshire,  where  it  has  not 

as  yet  been  anywhere  discovered  at  the  suriace.    it  skirts  also  the  soutliern 

edge  6f  the  ohalk  in  Surrey  and  Kent,  and  its  eastern  boundary  in  Hampshire, 

where  it  attaii^  a  breadth  of  eight  or  teii  miles.    It  forms  likewise  the  southern 

porUon  of  the  Isle  of  Wight. 

Soit. — The  upper  beds,  which  are  the  greenest  and  most  chaIky,form  an 
open  fiiable  soil,  easily  worked,  and  of  iha  moat  produotiire  chan    ■ 


n  general  of  an  exoaedingly  fine  sand,  mixed  with  more  or  less  of  day 
mm  calcareous  matten  (see  an wysis,  p.  334),  coloured  by  greenish  grains.  It  is 
rich  and  productive  of  every  species  of  crop,  and  the  peculiar  ricimeas  of  this 


a  remarked  not  only  in  England  but  also  in  the  United  Slaies  of 
north  America.  In  some  parts  of  Bedfordshire  the  soils  of  this  fbnnatiDU  form 
(he  most,  productive  garden  lands  in  the  Idngdom.  In  other  locahties,  agaiti, 
where  the  soil  is  fonned  &om  layers  of  black  or  of  white  silvery  sand,  it  produ- 
ces naturally  nothing  but  heath. 

The  irapervioua  gaull  day  forms  in  Cambridge  and  Huntingdon  "athm, 
cold  day  soil,  which,  when  wet,  becomes  as  sticky  as  glue,  is  most  expensive 
to  cultivate  aa  stable  land,  and  naturally  produces  a  poor,  coarse  pasture." 
Muidi  of  this  tract,  though  unenclosed,  is  yet  generally  iti  arable  culture,  under 
two  crops  and  a  naked  fallow — the  enclosed  parts  are  chiefly  in  pasture,  and 
yield  a  rich  herbage. 

The  lower  green-sand  presents  itself  over  a  comparatively  small  surfece, 
is  in  some  loci^lies  (Sussex)  laden  with  iron  ochre,  and  is  there  naturally  un- 

B. — Oolitic  System, 

7=.   Wealdfii.  950  ft.  The  upper  part  consists  of  afreeh- 

a  Woald  Clo.y,  300.         water  deposit  of  brown,  blue,  or  fhwn- 

*  Ilastinga  Sand,        400.       coloured  clay,  oflen  marly  and  ahnoat 

c  PurbccE  limo-stone,  S50,        always  close  and  impervious  to  water. 

Beneath  this  are  the  iron  or  ochrey 

Hastings  sands,  which  again  rest  upon 

the  Purbeck  beds  of  alternate  fiesh-wa- 

_  ter  lime-stones  and  marls. 

-The  Wenlden  rocks  appear  at  the  suriace  Only  in  Sussej  and 


t,  of  which  they  form  the  entire  central  portion. 
iiL. — The  soil  formed  from  the  Weald  Clay  is  line  gnui 
o.ften  pale  coloured,  and  contMning  much  fins  gained  sirioeous  sand.   Itloims 


paste  which  dries  and  hardens  ahnost  like  a  brick,  go  that  the  roots  of  plants 
omnot  .penetrate  it.  From  the  e^ense  of  cultivating  such  land,  much,  of  it 
is  in  wood  (Tilgate  Forest),  and  some  is  intwor  wet  pasture.  On  the  whole 
of  this  tract,  therefore,  there  is  much  room  for  improvement.  The  Hastings 
sands  produce  a  poor  brown  Sandy  loom  which  naturally  yields  only  heath  and 
biush-wood.  Much  of  this  soil  a  in  pasture,  but,  underproper  cultivation,  it 
yielos  good  crops  of  all  kinds.  Where  (he  ruins  of  the  Purbeck  m^s  are  in- 
temfixed  with  it,  -H^  soil  is  of  a  superior  quality. 

8°.   Upper  OoUte.         600 ft.  Theupj 

a  Portland  Beds,         100.        "■■"-  ''  *^- 
b  Kimmeiidge  Clay,  500. 


iMPEnvioirs  soil,  or  the  oss'oed  olav.  345 

or  greyish,  often  calcareous  and  bilu 
—  ■    "IS  beds  of  the  Kinimeridge  clay. 


the  green  sand,  from  the  western  extremity  Of  Dorset  to  die  ejareme  noilli  of 
Norfolk,  Ic  is  in  general  only  2  or  3  miles,  but  in  a  few  places  expands  to 
6  or  8  miles  in  breadth.  It  aTOears  again  on  the  western  edge  of  the  gi'een 
BB^d  in  Lincolnshire,  end  in  Torlishire  forms  a  Eti'ipe  5  or  6  niiles  in  breadth, 
whicji  crosses  the  country  fcom  HelmSley  to  Filey  Bay.  In  the  Isle  of  Port- 
land also  it  is  found,  and  it  stcetdice  in  a,  nturow^  stripe  along  part  of  the  soulh 
coast  of  Dorset. 

Soil. — The  soil  from  the  Portland  rocks,  in  consequence  of  the  prevalence 
of  mlioeous  and  the  absence  of  clayey  matter,  produces  naturally,  or  when  laid 
down  to  grass,  only  a  poor  and  benty  heib^.  fls  loose  and  sandy  nature 
makes  it  afeo  veiy  cheap  to" work,  and  hence  jt  is  chiefly  in  arable  culture.  It 
is  easily  affected  by  di-ought,  but  m  damp  seasons  it  produces  abundant  craps 
— especially  in  those  parts  where  tl\e  soil  is  naturally  mixed  witli  the  detritus 
of  Ihe  OTCF^yiug  Has^nga  sand,  and  of  the  calcaleousFurbeck  beds. 

The  Kinlmeridge  clay  fbrm^  a  tongh,  gtCTish,  impervious^  often  however 
very  oaleareoiis  sou  arid  sjibsoU.  From  ihe  mffieuky  of  worlting  it,  much  of 
the  surflice  over  which  this  fbnnation  extends  is  laid  down  to  grass,  and  the  old 
pasture  land  aflor^  excellent  heibage.  The  celebrated  pasture  lands  of  the  vale 
of  North  Wilts  rests  partly  on  this  3ay.  TherelativethidmeasesoftliePortland 
beds  and  the  Simmeridge  clay  will  readily  Account  for  the  fact  of  this  clay  be- 
ing spread  ovb-  by  far  lie  greatest  part  of  the  area  occupied  by  this  formation. 
In  Yorkshire,  clay  of  a  great  thicfcneas  is  the  only  member  of  this  series  that 
has  hitherto  been  observeti.  On  this,  as  well  as  on  the  subjacent  Oxford  clay, 
the  judicious  investment  of  capital  might  produce  a  much  greater  annual  breadth 
of  corn. 

9°.  Middle  Oolite.       5W  Jl.  Theuppermostbed  in  thiaformation 

Upper  Calcareous  Got,  1  is  a  sand-stone  contidning  a  consider- 

Coral  Rag,  >  100.     able  quantity  of  lime— next  is  a  coral- 

Calcareous  Grit,  )  line  lime-stone  (coral  rag;)  resting  upon 

Oxford  Clay,  )  od\er  sand-stones,  whicfi  contain  much 

Kelloways  Rodt,  >  400.     lime  in  their  upper  and  litde  or  none  in 

Blue  Clay  J  their  lower  beds.    Below  these 

enormous  deposit  of  adhesive  ten;   .... 
dark  blue  clay,  frequently  calcai'coua 
and  bituminous,  and  towards  the  lower 
pact  containing  iiTegular  beds  of  sand- 
stones and  Uine-stones(Kello  ways  rodt) 
beneath  wliieh  the  clay  again  recurs. 
Extent. — Tlie  middle  adjoins  the  vipper  oohte  on  Ihe  north  and  west — ac- 
companying it  from  the  extremity  of  Dorset,  into  Wills,  Oxford,  Huntingdon, 
Ijncolnsliire,  and  Yotkshii'c.    Until  it  reaches  Huntingdon,  it  rarely  exceeds 
6  or  8  miles  m  width,  but  in  this  ootlnly  and  in  Lincoln  jt  expands  to  a  width 
d  nearly  30  miles.    In  YorksMie  it  neaily  surrounds  the  upper  oolite,  and 
on  the  nordiem  border  of  the  latter  forma^on  attains  a  width  &om  north  to 
eonih  of  6  or  S  miles. 

Soil. — The  higher  beds  of  both  ihe  upper  and  lower  calcareous  grits  produce 
mod  land.  They  contain  lime  int^mingled  with  the  other  matenals  of  the 
Sioeous  sand-stone.  The  upper  ealcareoua  arils  are  no  doubt  improved  by 
their  proximity  to  the  Kimmend^e  clay  above  them,  while  the  lower  calcareous 
grit  is  in  like  manner  benefitted  by  the  lime  of  the  super-incumbent  coral  rag. 
The  under  beds  of  both  graups  are  the  more  gritty,  and  form  a  poor,  barr.'n, 
almost  worthless  soil,  much  of  which  in  Yorkshire  is  still  unreclaimed. 
Upon  the  hills  of  the  coral  rag  itself  occurs  Ihe  best  pasture  which  is  met  mth 
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in  that  part  ofthe  Nitlh  Riding  of  Yorkehire  Ihrough  wMch  lliis  fornialion 
extends. 

The  Oxford  clay,  which  is  by  tar  the  most  important  member  of  this  forma- 
tion, and  forms  the  aurfiice  over  by  far  the  largest  portion  of  the  mea  occupied 
by  it — produces  a  doae,  heavy,  compact  clay  soil,  difficult  to  work,  and  which 
is  one  of  the  most  expensive  M  all  Iha  clays  to  cultivate.  This  ie  especially 
the  case  in  Bedford,  Huntingdon,  Nortbamplon,  and  Lincoln,  in  which  coun- 
tiea,  neveiihelesB,  a  considerable  extent  of  it  is  under  the  plough.  In  Wilta, 
Oiford,  and  Gloucester,  it  is  chiefly  in  pasture,  and  as  over  these  districts  it  as- 
aaxaes  the  character  rather  of  a  dayey  loam,  the  herbage  ia  thick  and  luxuriant. 
The  impervious  nature  of  this  clay  has  caused  the  stagnation  of  water  upon 
its  lower  lying  portions,  the  consequent  Bccumulalion  of  vegetable  matter,  and 
the  formation  of  bogs.  The  extensive  fbna  of  Lincoln,  Northampton,  Hunt- 
ingdon, Cambridge,  and  Worfolk,  rest  upon  the  Oxford  clay.  This  tract  of 
fetmy  country  is  70  miles  in  lengA,  and  about  10  in  average  breadth.  "When 
dmned  and  eovered  widi  the  olayfi'om  beneatb,  it  is  capable  of  being  cotiverted 
into  a- most  productive  soil.  In  Lincolnshire,  there  are  about  a  million  acres 
offen, -which  have  their  drdnage  into  Uie  Wash,  about  50,000  of  which  are  at 
preaent  irrecliurnable,'OC  account  ofthe  state  of  the  outlet. 

In  the  neighbourhood  ofthe  Keiloways  rock  the  clay  becomes  more  loamy 
end  less  difficult  to  work. 
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8  Cornbrash,  _.,.         --     ..,-,...  ,       ._   . . 

i  Forest  Marble,  50.  series.     These  j-eat  upon  alternate  beds 

c  Bradford  Clay,         50.         of  oolitic  shdly  lime-slone  and  eand- 
d  Bath  Oolite,  130.         stone,  more  or  less  calcareous,  having 

«  Fuller's  Earth,        140,         partings  of  clay ;  these  again  upon  beds 
/  Inferior  Ooiile,     j  gjni  of  blue  marly  clay,  immediately  under 

g  Calcareous  Send,  i  ^^-         which  are  die  thid;  beds  of  the  fight-co- 
loured oolite  lime-stope  of  Bath.    Be- 
neath these  follow  other  beds  of  blue 
day,  with  Fuller's  earth,  based  upon 
another  oolitic  limerstone,  which  is  fol- 
lowed by  slightly  calcareous  sands. 
Extent. — This  formation  commences  also  at  the  soulh-weptern  extremity  of 
Dorset,  and  runs  norlh-eaa,  swelling  out,  here  and  there,  and  in  Gloucester, 
Oxford,  and  Northampton  attaining  a  width  of  15  lo  SO  miles.    It  occupies 
nearly  the  whole  of  these  three  countieSj  covers  almost  the  entire  area  of  Rut- 
land, a  large  portion  of  tiie  north-east  of  Leioeater,  and  then,  in  a  nairOw  stripe, 
stretches  north  through  Lincoln,  and  disapj^ars  at  the  Htonber.     It  appears 
again  in  .the  North  Riding  of  YotkEhire,  skirting  the  outer  edge  of  the  middle 
oolite,  on  the  north  of  which  it  attains  a  breaiSh  of  15  miles,  and  stielchea 
across,  with  little  interruption,  frdm  near  Thirsfc  to  Uie  North  sea.    A  small 
patch  of  it  appears  fhrther  norOi,  on  the  south-eastern  coast  of  Sutherland,  and 
on  the  east  and  south  of  the  Isle  of  Sky. 

Soil. — It  wi!l  be  understood  from  what  has  been  already  staled  in  reference 
lo  other  formations,  that  one  which  contains  so  many  different  rocks,  as  this 
does,  most  also  present  many  diversities  of  soil.  Where  the  upper  beds  come 
to.  the  surlace,  the  clay-partings  rive  the  character  to  the  soil — forming  a  calca- 
reous day,  whidi,  when  dry  or  drained,  is  of  good  quality.  In  other  places  it 
forms  a  close  adhesive  clay,  which  ia  naturally  almost  sterile.  The  Bath  oolite 
weathers  and  crumbles  readily.  The  soil  upon  it  is  thin,  loose,  and  diy  The 
socle  is  full  of  vertical  fissures,  which  carry  off  the  water  and  drain  its  surface. 


Wuen  free  from  fragmenta  of  the  rock,  the  soil  is  often  close  and  impervioi 

igh  of  a  brown  colour,  deep,  and  apparently  of  f 

s,  or,  as  (he  faimers  call  it,  dead  aiik  Aeipy.     M 
tsvc,  13  .n  arabla  cullivalionl .  The  heaiy  ^ils,  which  rfcoi.  un  uic  i-mj  vu.num- 
iflg  Fuller's  earlh,  are  chiefly  in  pasture. 

The  inferior  oolite  varies  muoA  in  its  charaotBrj  containing-,  in  some  places, 
much  lime-atone,  while  in  others,  aa  Ir.  Vorkahira,  it  forms  ajhick  mass  of  aand- 
atonea  and  clays,  with  occasional  thin  beds  of  coal.  In  Gloucester,  Oiibrd, 
Horthampton,  and  Rutland,  these  lower  beds  form  a  tract  of  land  about  12  miles 
in  width.  The  soil  is  generally  soft,  Bandy,  micaceous,  of  a  brown  colour,  and 
of  a  good  fanjle  quality.  It  is  deep,  contains  many  fragments  of  the  subjacent 
rock,  ia  poroup,  and  easily  worited.  Where  the  aand-slones  prevail,  it  is  of  in- 
ferior quality.  In  these  counlies  it  is  prindpally  enclosed,  and  in  arable  culture, 
the  sidea  of  the  oolitic  hilla  and  the  clayey  poruons  being  in  pasture.  In  York- 
ahire,  much  of  th?  unptoducliTS  moor  land  of  the  North  Riding  rests  upon  this 
formation.  Nearly  Jl  the  arable  land  in  the  county  of  Sutherland  reels  on  the 
narrow  stripe  of  the  lower  ooUle  rocks  which  occurs  on  its  aoulli-east  coast. 
The  debris  of  these  locks  has  formed  a  loamy  soil,  which,  when  well  limed, 
produces  heavy  crops  of  turnips. 

11°.  Lias.  500  lo  1000  ft.  This  great  deposit  consists  chiefly  of 

an  accumulation  of  beds  of  blue  clay, 
more  or  less  indurated — interrupted  at 
various  places  by  beds. of  marl,  and  of 
blue,  more  or  less  earthy,  lime-stones, 
which  especially  oboarid  in  the  lower 
partofthe  fieiiea.  The  wholeisfull  of 
ehells,  and  of  the  remains  of  large  ex- 

Ex'rENT, — Wherever  the  lower  oolites  are  lo  be  traced  in  England,  the  lias 
is  seen  coming  up  to  the  surface  on  its  noKhem  or  western  edge,  piwsuing  an 
exceedingly  tornioiis  north-eastern  course,  throwing  out  in  its  couiae  many 
arras  (outfiers),  and  varying  in  breadth  from  3  to  6  or  10  miles.  It  may  be 
traced  from  the  mouth  of  the  Tees,  in  Yorkshire,  to  Lyme  liegi'!,  in  Dorse^  the 
continuity  being  broken  only  by  me  coal  field  of  Somerset.  In  Scotland  and 
Ireland  no  aaaei  of  this  formation  have  yet  been  detected. 

Soil.. — Throughout  the  whole  of  this  formation  the  soil  is  a  blue  clay,  more 
or  less  sandy,  calcareous,  and  tenacious.  Where  the  lime  or  sand  prevails  the 
soil  is  more  open,  and  becomes  a  loam ;  where  they  are  less  abundant,  it  is  of. 
ten  a  ctild,  blue,  unproductive,  wet  c)ay.  This  latter,  indeed,  may  be  given  as 
the  natural  character  of  the  entire  fiirination.  Where  it  resls  upon  a  g^vally 
or  open  subsoil,  or  contains  a  large  quantity  of  vegetable  matter,  it  may  be 
culiivaled  to  advantage,  audit  ia  found  especially  to  produce  good  herbage.  In 
all  situations,  it  is  an  expensive  soil  to  work,  and  hence  by  iar  the  greater  pbi^ 
tion  of  it  is  in  old  pasture.  The  ceiobrated  dmry  districts  of  Somerset,  Glou- 
cester, Warwick,  and  Leicester,  rest  for  the  most  part  on  the  Has,  as  does  also 
much  of  the  best  graEine  and  pasture  land  in  Nottinglwim  and  Yorkshire. 
Through  the  longlapse  S  time  an  artificial  soil  has  been  produced  on  the  un- 
disturbed surface  of  these  clay  districts,  which  is  peculiarly  propitious  to  the 
growth  of  Erass.  With  skilful  drainage  and  judicious  cuhure,  it  is  capable  of 
producing  heavy  crops  of  wheat, 

C.~Nrw  Bed  Sjnd-stone  Stgtem. 

The  upper  a^d  lower  I'ed sand- stones 
consist  of  alternate  layers  of  sand,  sand- 
atones,  and  marls  sometimes  colourless. 


248  FERTILE  MABLS  OP  THE  HEW  RED  SANB-STONE. 

apota.    The  lower  beds  art 
full  of  rolled  pebbles.    Few  of  the  sand- 
Elonea  of  Ihia  formation  ace  sufficiently 
hSiCd  toform  building  stones— many  of 
the  layers  consist  of  looae  friable  sand, 
and  me  marls  universally  decay  and 
crumble  to  a  fine  red  powder  under  the 
infiueiicB  of  the  weather. 
Extent. — The  now  red  sand-stone  extends  over  a_largerporlion  of  the  sur&ce 
of  England  than  any  other  formation.    It  eomnieneeo  at  Torbay,  in  the  south 
of  Devon,  runs  nordi-east  into  Somersetshire  i  from  Bristol  ascends  both  sides 
of  the  Severn,  accompanies  it  into  the  vale  of  Gloucester,  sli'ctches  olong  Iho 
base  of  the  Malvern  hilla,  and  north  of  the  city  of  Worcester  expands  into  a 
gently  undulating  plain,  nearly  80  miles  in  width  at  its  broadest  part,  compre-. 
hendmg  nearly  the  whole  of  the  counties  of  Warwick  and  Slaffom  and  the 
greater  pact  of  that  of  Leicester,    From  this  central  plain  it  parts  into  two  di- 
■visions.    One  of  these  inna  west  over  the  whole  of  Cheshire — (in  which 
county  it  contains  salt  springs  and  mines  of  rock  salt) — the  western  part  of 
Flint,  and  on  the  south-west  surrounds  the  county  of  Lancashire.    It  is  there 
interrupted  by  the  rising  of  the  older  locks  in  WeEtmorelai\d,  but  re-appeara  in 
the  eastern  comer  of  this  county,  runs  north-weat  through  Cumberlaiid,  foim- 
ing  the  pltun  of  Carliale— and  Uience  round  and  aoroas-me  Solway  Frith  till  it 
finally  diaappeara  about  30  miles  north  of  Damtvios.    The  other  arm,  moceed- 
ingfi-om  the  towns  of  Derby  and  Nottin^am,  iitnsdue  north  through  Noiting- 
hamand  the  centre  of  Yorkshire,  akiiling  the  outer  edge  of  the  lias,  and  finally 
disappears  in  the  county  of  Durham  to  the  north  of  Che  river  Teea.    The  soutli- 
em  portion  of  this  arm  has  a  width  of  30  to  30  miles,  until  it  reaches. the  neigh- 
bourhood of  Knaresboroogh,  where  it  suddenly  contracts  lo  6  or  8,  and  does 
not  again  expand  to  more  than  10  or  12  milea. 

North  of  Dum'friea-shire  these  rodts  are  not  known  to  JCCur  in  our  island 
In  the  north-east  of  Ireland  they  form  a  stripe  of  land  a  few  niiiea  in  width,  run- 
ning from  Loueh  Foylo  to  Lough  Neagh,  and  thence,  with  slight  interruptions, 
to  the  south  of  BelfiisL 

Soil. — These  roeka,  by  their  decay,  almost  always  produce  a  deep  red 
soil.  Where  the  red  clay  and  mail  predominate,  this  soil  is  a  red  day  or 
clayey  loam  of  the  richest  qualilj|,  capable  of  producing  almost  every  crop,  and 
remaiiable  therefore  for  itjs  ftrtilii)'.  It  is  cliiefly  in  arable  culture,  because  of 
the  comparative  ease  with  which  it  is  worked,  but  the  meadoWs  are  rich,  and 
produce  good  herbage.  .  Where  the  rocks  are  more  aandy,  and  contiun  few 
marly  banda,  the  soil  produced  is  poorer,  yet  generally  forms  a  good  sandy  loam, 
suitable  for  turnipa.  and  barley. 

In  Devonshire,  as  in  the  vale  of  Tannlon  and  other  localities,  where  the  lias 
and  the  red  sand-stoiie  adjoin  each  other,  or  run  side  by  side,  the  diiferencc  in 
the  ifetdlity  and  general  productiveness  <rf  the  two  tracts  is  very  striking.  On 
the  former,  as  already  observed,  good  old  gi^ss  land  la  seen,  but  the  arable  land 
on  Hie  latter  produces  the  richest  ^nd  moat  lirEuriant  crops  to  be  seen  cd  any 
Eoil  in  the  Mngdom.  In  this  county,  and  in  Somerset,  the  only  manure  it  ocsms 
to  require  is  hme,  on  every "repetjUoa  of  -which  it  is  said  to  produce  increased 
crops.  The  same  remarits  its  to  its  comparative  ferdlity,  apply  with  more  or 
less  fierce  to'the  whole  of  the  lai^  area  occupied  by  this  formation  in  our  island 
— wherever  the  soil  has  been  chiefly  formed  by  the  decomposition  of  the  rock 
on  which  it  resta.  In  some  looaiities  (Dumfties-shire)  the  micaceims,  marly 
rook  is  dug  up,  and,  after  being  crumbled  by  exposure  to  a  winter's  frost,  is  laid 
on  with  advanlago  as  a  top-dressing  to  grass  and  other  lands. 

In  the  south  of  Lailoashire,  and  along  its  western  coast,  and  on  the  shores  of 
the  Solway,  in  Domfrics-shire,  a  great  breadth  of  this  formation  is  covered  wil3i 
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13°.  Magneton  lAme-stone.  The  magnesian  linif-slone  ig  gcn&- 

rally  of  a  yellow,  somelimee  of  a  srey, 
colour.  In  ihe  upper  part'it  occnsion- 
ally  preeentB  ilself  in  tluu  beds,  which 
cniroble  more  readily  when  exposed  lo 
the  itir.  Inaomeplaces,  also,  it  assumes 
a  nmrly  chavocter,  farming  mimses 
which  are  soft  and  friable ;  in  general, 
however,  it  is  in  ihick  beds,  hard  and 
compact  enough  to  be  used  for  a  build- 
jngEtoneorfbtmendingtheroads.  Tho 
quantity  of  Carbonate  of  nutgiieda  it 
contains  variea  from  I  to  45  per  cent. 
It  is  in  the  north  of  England  generally 
traversed  by  vertical  fissures,  which  ren- 
der the  surface  dry,  and  majre  water  in 
many  places  difficult  lo  be  attained. 
Extent. — The  laag^aaii  lifnesUme.  Etretdiea.  in  an  almoat  unbroken  Una 
nearlj'  due  north  from,  the  city  of  Nolftngham  tO  the  mouth  of  the  river  Tyae. 
It  is  in  general  only  a  few  miles  in  width,  its  principal  expansion  being  in  Ihe 
county  of  Durham,  where  it  attainS^  a  breadth  of  8  or  10  rades. 

Soil.— It  forms,  for  the  most  part,  a  liilly  country,  covered  by  a  reddish 
brown  soil,  ofien  win,  light  and  poor,  where  it  rests  immediately  on  the  native 
roek— ^producing  indifferent herljBge  wlien  laid  down  to  grass,  but  under  sliiiful 


dependent  upon  the  character  of  this  superficial  covering  than  upon  the  nature 
of  the  rock  beneath. 

During  the  slow  degradation  of  this  rook,  tlie  rains  gradually  wash  out  great 
part  of  the  magnesia  it  contains,  so  lliat  it  seldom  happens  that  the  soil  formed 
from  it,  though  resUng  on  the  parent  rock,  contains  so  much  magnesia  as  to  be 
necessarily  hurtful  to  vegetation. 


D,— Cakbqnipebous  System. 
14°.   Coal  Measures.       500  ft.  Consisting  of  alternate  beds  of  indu- 

rated bluish-black  clay  (coal  shale),  of 
siliceous  sand-stone  generally  grey  in 
cojour  and  containing  imbedded  plants, 
and  of  coal  of  various  qualities  and  de- 
grees of  thickness.    Beds  of  lime-stone 
rarely  appear  in  this  formation  till  we 
approach  the  lowest  part  of  the  series. 
Extent.— Fortunately  for  the  mineral  resources  of  Gi^at  Britain,  the  coal 
measures  occupy  a  larae  area  in  our  island.    Most  of  the  districts  in  which 
they  occur  are  so  well  Known  as  to  require  oijly  lo  he  indicated.    The  south 
Wel^  coal-field  occupies  the  south  of  PcmbroSe,  nearly  the  whole  of  Olamor- 
gan,  andpart  of  Monmouth-shire.    In  the  north  of  Somerset  are  the  coal  mea- 
stires  of  the  Bristol  field,  which  stretch  also  across  the  Severn  into  die  forest  of 
Dean.     In  the  middle  of  the  central  plain  of  thenew  i-ed  sand-stone,  lie  Ihecoal- 
fields  of  Ashby-de-la-Zoucb,  of  Coventry,  and  Dudley,  and  on  its  western 
borders  are  those  of  Shropshire,  Denbigh,  and  Flint  fNorth  Wales),    To  tba 
north  of  this  plain  extends  on  the  right  the  Yoikshire  coal-field  from  Woitin^ 
hiira  to  Leeds,  while  on  the  left  is  the  small  coal-field  of  Newcaatle-under-Line, 
and  the  broader  Lancashhe  field  which  crosses  the  country  from  near  Liverpool 
to  Mandiester.    Almoat  the  entire  eastern  half  of  the  county  of  Durham,  and 
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of  the  low  counliy  of  Northumberland,  is  cohered  with  these  measures  -but 
ths  largest  area  cOTered  by  these  rocks  is  in  that  part  of  the  low  coianby  of 
Scotland  which  extends  in  a  north-easterly  direction  from  the  west  coast  of 
Ayrshire  to  the  eastern  coast  of  Fife.  They  there  form  a  broad  band,  having 
ail  average  breadth  of  30  miles,  interrupted  oilen  by  trap  or  green-stone  rocks, 
yet  lying  innnediately  beneath  the  loose  Huperiioial  matter,  over  the  lai^eet  por- 
tion of  this  extensive  district.  They  do  not  occur  fiirther  north  in  our  island.  In 
Ireland  they  form  a  llact  of  limited  extent  on  the  northern  borders  of  the  county 
of  Monaghan — cover  a  much  larger  area  in  the  eouth-east  in  Kilkenny  and 
dueen's  counties — and  towards  Uie  mouth  of  the  Shannon,  spread  on  either 
bank  over  a  large  poi^tion  of  tha  counties  of  Clare,  Kerry,  and  Limerick. 

Soil. — The  spll  produced  by  the  deffradation  ik  the  sand-stones  and  shales 
of  the  coal  formation  is  universally  of  inferior  quality.  The  black  shales  or 
schists  form  aTone  a  cold,  s^ff,  ungrateful  pJay.  The  sand-stones  alone  form 
tliin,  unproductive  soils,  or  barren — almosl  naked— heaths.  When  the  clay 
and  sand  are  mixed  a  looser  soil  is  produced,  which,  by  heavy  liming,  by  drain- 
ing, and,  by  skiilid  culture,  may  be  rendered  moderately  productive.  In  the 
west  of  the  counties  of  Durham  and  Northumberland,  and  on  the  higher  edges 
ofmiistof  our  coal  fields,  there  are  extensive  tracts  of  this  worthless  sand-stone 
surface,  and  thousands  of  acres  of  the  improveable  cold  clavs  of  the  shale  beds 
These  latter  soils  appear  very  unpromising,  and  can  only. be  rendered  remune- 
radveljr  productive  in  skilful  hands.  .They  present  one  of  those  cases  in  which 
the  acdve  exertions  of  zealous  agricultunsts,  and  the  efforts  of  the  friends  of 
agriculture,  might  be  expended  with  the  promise  of  much  benefit  to  th«  country. 

15°,  Millstone  Grit.      600  ft,  This  formation  consists  in  some  lo- 

calities of  an  entire  mass  of  coarse  sand- 
stone, of  great  thielcness— -in  others  of 
alternadona  of  sand-stones  and  sliales, 
resembling  those  of  the  coal-measures 
— while  in  others,  again,  lime-stones, 
more  or  less  siliecoua,  are  interposed 
among  the  sandstones  and  shales. 
Extent. — A  large  portion  of  Devonshire  is  covered  with  these  rooks— they 
form  also  the  high  land  wljich  skirls  to  the  north  and  west  the  coal-measures  of 
Yorkshire,  Lancashire,  and  Durham,  and  over  which  is  the  first  ascent  to  the 
chain  of  mountains  that  run  northward  through  these  three  counties.   In  Scot- 
land, they  have  not  been  observed  to  lie  immediately  beneath  any  part  of  the  sur- 
face.   In  the  north  of  Ireland  tliey  cover  a  considerable  area,  stretching  across 
the  county  of  Leitrim  between  Sligo  and  Ilough  Erne. 

Soil. —  The  soils' resting  upon,  and  formed  fVom,  these  rocks  are  generally  of 
ft  very  inferior  description.  Wliere  the  sandstones  come  to  the  surface,  miles 
of  naked  rock  appear ;  other  tracts  bear  onlyheath,  or,  where  the  ra 


extends,  the  soil  generally  rests  not  on  the  rocks  themselves,  but  on  superficial 
accumulations  of  transported  materials,  which  are  often  of  such  a  kind  as  to 
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In  this  formation,  as  itsna 
:  ia  generally  hara,  blue,  a 
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less  full  of.  organic  remaina.    In  some 
localises,  it  ooEUrs  in  beds  of  vast  thick- 
ness— (Derby   and  Yorltahire) — whilo 
in  others— (Rorthumberiand)— it  13  di- 
lided  into  numerous  layers,  with  inter- 
posed aand-atones  and  bads  of  shale,  and 
occasional  Cbtn  seama  of  coal. 
Ektent. — The  greater  portion  ofthe  counties  of  Derby  andNorlhumberlEmd 
are  covered  by  this  formation,  and  from  the  latter  county  it  stretches  along  the 
west  of  Durham  ihrougli  Yorkshire  as  far  as  Pi'eslonj  in  Lancashire — forming 
the  mouiitaitis  of  fea  well  known  Pennine  chain,  which  throw  out  spurs  to  (he 
east  and  west,  and  thus  present  on  tlie  man  an  Lregular  outline  and  varying 
breadth  of  country.    In  Scotla|id  these  roclcs  cover  only  a  small  portion  of  the 
county  of  Berwick,  immediately  on  the  Bonier;  but  in  Ireland,  almost  the  en- 
tire centra!  part,  forming  upwards  of  one-half  of  the  whole  island,  ia  occupied 
by  the  mountain  lime-stone  formation. 

Soil.— From  the  slowness  with  which  this  rock  decays,  Many  parts  of  it  are 
quite  naked;  in  others,  ^  is  covered' with  a  thin  light  porous  soil  of  a  brown 
colour,  which  naturally  produces  a  short  but  thick  and  sweet  herbage.  Much 
of  the  mountain  lima-stohe  countrj',  therefore,  is  in  natural  pasture. 

Where  the  lime-stones  are  mined  or  inlerstratified  with  shale  beds,  which  de- 
cay more  eaailf ,  a  deeper  soil  is  found,  especially  in  the  hollows  and  towards 
ihe  bottom  of  the  valleys.  Ihese  are  often  stiff  and  naturally  cold,  but  wher. 
well  drained  and  limed  pi-oduce  excellent  crops  of  every  kind.  In  Northumber- 
land, much  of  the  mountain  lime-stone  country  is  still  in  moor-land,  but  tlieex- 
tellenoe  of  border  farming  is  giaiiually  rescuing  one  improveable  spot  afierano- 
dier  from  the  hitherto  unproductive  waste.  In  Yorkshire  and  Devonshire  also 
improvements  are  more  or  leas  extensively  in  progress,  though,  in  all  these  dis- 
tricts, there  are  large  tracts  whicli  can  never  be  re-claimed. 

R— Old  Red  Sind-stone  oh  Devonun  System. 


17".  Old  Red  Sand-  \      600  (o.  The  upper  part  of  this  formation  con^ 

alme.  K  \0,mOft.      aists  ofredaand-stones  andconglomer- 

Old  Red  Conglomerate.  "'^^  (indurated  sandy  gravel),  tlie  mid- 

Corn-alone  and  Maria.  ^^^  °^  spotted,  red  and  green   clayey 

Tile-stone,  marls,  with  irrecular  layei's  of  hard,  at- 

ten  impure  and  siliceous  iime.stonea 
(cornstones)  likewise  mottled,  and  the 
lowest  of  thin  hard  beds  of  siliceous 
sand-stones,  sometimes  calcarenus,  mot- 
tled, and  splitting  readily  into  thin  flags 


ct  of  land  on  either  side  of  the  coal-field — 

d-£eld  of  Glamorgan,  and  immediately  n( 

..._j, jomprehending  the  greater  portion  of'^  Bn _    ..    _ 

pari  of  Monmouth.  A  small  patch  occurs  in  the  Isle  of  Anglesey,  and  in  the 
iiorlh-easlem  comer  of  Westmoreland — but  it  does  not  again  present  itself  till 
we'  reach  the  western  flank  of  the  Cheviot  Hills.  It  theje  appears  on  either 
«d6of  the  Tweed,  and  extends  over  a  portion  of  Berwick  and  Koxbiirgh  to  the 
base  of  die  liammermuirs.    On  the  north  of  the  same  hills  il  again  pi^sents  it 


the  Finli  of  Clyde,  is  to  be  diaccvered  hi  the  Island  of  Arcan,  and  at  the  Mull 
of  Cantire,  and — along  the  prolongation  of  the  same  line — at  various  places  on 
the  northern  flank  of  Uie  great  mountain  lime-stona  formation  of  Irelatid,  and 
eBpecially  in  the  counties  of  Tyrone,  Fernianagii,  and  Monaghan,  In  the 
north  of  Scotland,  it  lines  either  sliore  of  tlie  Moray  Firth,  skirts  the  coast  to- 
wards Caithness,  where  it  coyers  nearly  the  whole  county,  and  still. further 
north,  forms  the  entire  Hiufeoe  of  the  Shetland  Islands.  Along  the  north-west- 
em  coast,  it  also  appears  in  detached  pMches  till  we  reach  tie  southern  ej- 
tremiw  of  the  Isle  of  Sky. 

In  Ireland,  it  occrars  also  on  the  eitreme  southern  edge  of  the  mountain  iime- 
stone,  in  Wal«rford  and  the  neighbouving  couritiea— and  in  the  middle  of  this 
formadon  on  the  upper  waters  of  the  Shannon,  in  the  south  of  Mayo,  and 
round  the  base  of  the  slate  mountains  ofTipperary. 

Soil.. — The  soil  on  the  old  red  sand-stone  admilE  of  very  nearly  the  same 
variations  as  on  the  new  red  sand-stone  formation.  Where  it  is  formed,  as  in 
parts  of  Pembroke,  iiom  the  upper  sand-stones  and  conglomerates,  it  is  either 
worthless  or  it  produces  a  poor  hungry  soil,  "which  eats  all  Ihe  mantire,  and 
drinks  all  the  water."  These  upper  rocks  are  sometimes  so  siliceous  as  to  be 
almost  destitute  both  of  lime  and  clay— -in  such  cases,  the  soils  they  fonn  are 
almost  valueless. 

The  marly  beds  and  lime-stones  of  the  second  division,  yield  warm  and  rich 
soils — such  as  the  mellow  lands  of  Hereford^iro,  and  the  b^t  in  Brecknock 
and  Pembroke  shires.  Tlie  soil  in  eyeryd^trict  Tariea  according  as  thejjarlJngB 
of  marl  are  more  or  less  numerous.  These  easily  cnunble,  Mid  where  they 
abound  form  a  rich  stiff  wheat  soil — like  that  of  East  Lothian  and  parts  of  Ber- 
wickshire :— where  th^are  less  frequent  the  soil  is  lighter  and  produces  excellent 
turnips  and  barley,  where  the  subsoil  is  porous,  tliis  land  is  peculiarly  fe- 
Youvahleto  thegromlh  of  fruit  trees.*  The  apple  and  the  pear  are  largely  grown 
in  Hereford  and  the  neighbouimg  counties,  long  celebrated  for  the  cider  and 
pe^y  they  produce. 

■llie  tile-Blones  reach  the  smlace  only  on  the  norlhem  and  western  edges  of 
this  formation  in  England.  In  Ayrshire,  in  Lanarkshire,  in  Ross-ahire,  and  in 
Oaithness,  larger  tracts  of  land  rest  on  these  lower  beds..  In  all  these  districts 
rich  corn  lands  are  produced  trom  the  rocks  of  the  middle  series. ,  1?he  fertility 
of  Strathmore  iii  Perthshire,  and  of  other  valhes  upon'  this  formation,  is  well 
Jniown — Easier  Ross  and  Murray  have  been  called  the  gi-anary  of  Scotland, 
and  even  in  Caithness  rich  corn-bearing  ^oat)  lands  are  not  unfrequent.  Yet 
in  the  immediate  neighbouihood  of  these  rich  lands,  tracts  of  tile-stone  country 
occur,  which  are  eillier  covered  ivith  useless  bog  {Ayrshire  and  Lanarkshire), 
or  with  a  thin  covering  of  soil  which  is  almost  incapable  of  profitable  culture. 
In  this  latter  condition  is  the  moor  of  Eeauly  on  the  Cromarthy  Firth,  an  area 
of  60  Square  miles, -whichj  till  within  a  few  years,  lay  as  an  unclaimed  common 
^-and  in  the-ooonty  of  Caithness  still  more  eittensive  tracts. 

■  In  South  Devon  and  part  of  Cornwall  avery  fertile  district  rests  also  on  the 
middle  series  of  these  rocks.  Instead  of  red  sand-stones,  however,  the  counUy 
there  consists  of  green  slates,  more  or  less  siliceous,  of  sand-stones  and  of  lime- 
stones, which  by  their  decay  have  formed  a  very  productive  soil.  These  rocks 
in  the  above  counties  abound  in  fossil  remains,'  Qnd  it  is  chiefly  for  this  reason 
that  the  term  Deooniaa  has  been  applied  to  the  rocks  of  the  old  red  sand-stone 
formation. 

*  The  moat  (oamy  of  these  red  soileof  Hsreford  afford  the  finsstcrops  of  wheal  and  hops, 
Mrt  bear  UiE  moat  prolific  apple  and  pear  trees,  whilst  the  whole  region  (pmiuenlly  in  (he 

iiB(o'beayLailiE';w?edB°D°fH'erefQrdshlr'8"    TlvisVoueh'lhial'l^a'i^nconlB'ilia^a  mice's, 
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in.  Pkimaky  Strata. — In  ihese  rocks  slafes  abounf],  aiid  lime, 
stones  are  more  rare.  Organic  remains  are  also  le^s  frequently  met 
with  than  in  the  superior  roelts.  These  remains  belong  all  lo  extinct 
species,  the  greater  part  to  extioet  genera  and  families,  and  are  fcequent- 
ly  so  wholly  unlike  to  existing  races  that  it  ia  often  difficult  lo  trace  any 
lesemblance  between  the  animals  which  now  live  and  those  whicliappear 
to  have  inhabited  the  waters  of  those  ancient  periods. 

F. — Silurian  System. 
18°.   Upper  Silurian.     3S00  Jl.  The  upper  Ludlow  rodra  consist  of 

1°  LuDlow  FORMATION  sand-stones  more  Or  lesE  calcoreous  and 

fl- Upper  Ludlo*         '  )  ai-^Iaceous.    l^ese  ™^t  upon  hard. 

*  Aymestiy  Lime-stone  [3000     fZ^^^'t^t      "IT^^-^t'lT^ 
c  Lower  Ludlow  )  (AymesaT  iime-stones.)     The  lower 

'  Ludlow  rocks  are  masses  of  shale  moin 

2^.  Wenlock  FORMATION,  freafromUme  and  sand  than  the  upper 

*  oi"",^^*'"'^                  ;  1800  beds,  and  from  the  mode  in  which  they 
6  Shale                           (  decay  into  rmd  are  locally  known  by 

the  name  of  "  mud-stones. 

The  WenSock  or  Dudley  formation 
consists  in  ^e  upper  part  of  a  great 
thickness  of  lime-atone  beds  otlen  argil- 
laceous, !md  aboundii^g  in  the  remains 
of  marine  animals;   and  in  the  lower 
part  of  thick  beds  of  a  dull  clayey  shale 
— in  its  want  of  cohesion,  anu  in  ita 
mode  of  decay,  very  much  resembling 
the  mudsl/nies  of  Ludlow. 
E:![TENT, — The  principal  seat  of  these  rocks  in  our"  island  is  in  the  eastern 
coraitiea  of  Wales,  where  they  lie  immediately  beneath  the  surfece  over  the 
eastern  half  of  Radnor,  and  the  north  of  Montgomery. 

Soil. — The  preT£uhiig  character  of  the  soils  upon  these  formations  is  derived 
from  the  shales  and  muif  stones— and  from  the  eaithy  layers  of  the  sand-stones 
and  lime^a tones  which  decay  more  readily  than  Ihepui'eriniiases  of  these  rocks. 
The  traTeller  is  immediataly  struck  in  passing  fi-om  the  ridi  red  marls  and 
clays  of  the  oldi'ed  sand-stone  in  Hereford,  on  to  the  dark,  almost  black,  soils 
of  iTie  upper  and  lower  Ludlow  rocks  in  Radnor.- not  merely  by  the  change  of 
colom',  but  by  iheiv  obviously  diminished  value  and  productiveness.  The  up- 
per Ludlow  is  crossed  by  many  vertical  cracks  and  fissures,  and  thus,  thou^ 
clayey,  the  soil  which  rests  upon  it  is  generally  dry,  and  susceptible  of  oultiva- 


._.B  intermediate  lime-stones  ^Aymestiy  and  Wenlock  lim 

to  the  BOr&ce  and  mingle  their  debris  with  those  of  the  tipper  and  lower  rocks, 
that  the  sUff  clays  become  capable  of  bearing  eieellent  crops  of  wheat.  This 
fact,  howevBi-,  indicatea  the  method  by  which  the  whole  of  these  cold  wet  clays 
might  begreatly  improved.  By  perfect  artiEcial  drmnage  and  copious  limeing, 
the  unproductive  sods  oflhe  lower  Lndlowand  of  the  Wenlock  shales  might  be 
convened  into  wheat  lands  more  or  less  rich  and  fertile.  It  unfortunately  hap- 
pens,  however,  that  in  those  diatricla  of  North  and  South  Wales,  where  the 
dark,  grey  or  black  "retchf"  land  of  the  rnitd-stOnes  prevails,  lime  is  often  so 
scarce,  or  has  to  be  brought  from  so  great  a  distance,  as  to  render  lliis  means  of 
improvement  almost  unattainable. 
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19°.  Libwer  Silurian.     3700  Jl.  The  Cacadoc  beds  consist  of  thiM 

Caradoo  Sand-.tooes    3500       '^y^'«  of  sand-stone  of  irarioua  colours, 
Llimdeiio  rii.g3  1300      "^V"S  »B9»'  =■"!  <»'jed  b?,  and  oc- 

casionally interstratmed  with,  uiin  beds 
of  impuve  lime-stone.     The  Llandeilo 
flags  which  lie  beneath  them  consist  of 
thin  calcareous  strata,  in  some  locali- 
ties alternating  with  sand-stones  and 
sliales. 
Extent. — These  rocks  form  patches  of  land  in  Shropshire  and  (he  north  of 
Montgomery — andaldrt  the  southern  and  eastern  edge  of  Caermarthen.    None 
of  the  Silurian  rooks  have  yet  been  found  to  extend  over  any  large  portion  of 
either  Scotland  or  Ireland. 

Soil. — The  Caradoe  sand-stone,  when  free  from  lime,  produces  only  a 
naked  surface  or  a  barren  lieatli.  The  Llandeilo  flags  form  a  fertile  and  arable 
soil,  as  may  be  seen  in  the  aouth  of  Caermarthen,  whore  they  are  best  devel- 
oped,  and  especially  on  the  banks  of  the  Towey,  which  fbt  many  miles  beibre 
it  teaches  the  town  of  Caermarthen  nins  oyer  this  ibrmation. 

In  this  fonnation,  as  in  every  other  we  have  yet  studied,  the  soil  changes  im- 
mediately on  the  appearance  of  a  new  rock  a*  the  surfiice.  The  soilof  the 
Wenlock  aliale  is  sometimes  moi^  sandv  as  it  approaches  the  Caradoe  beds, 
and  on  favourable  slopes  (brnis  good  arable  land  and  sustains  luxuriant  woods, 
but  where  the  Caradoe  sand-stoues  reach  the  surface,  a  wild  heath  or  poor 
wqod-land  stretches  over  the  country,  until  passing  over  their  edges  we  reach 
the  lime-containing  soils  of  the  Llandeilo  flags,  when  fertile  arable  lands  and 
lofty  ttees  again  appeal-.* 

G.— Camerias  System. 

These  roclts,  which  are  many  thou- 
sand yards  in  thickness,  consist  chiefly 
of  thin  slates,  often  hard  and  cleaving 
readily,  like  roofing  slates,  occasionaliy 
intermingled  with  sandy  and  lidn  lime- 
stone beds.     They  contain  few  organii! 

Extent. — These  rocks  cover  the  whole  of  Cornwall,  part  of  Worth  and 
South  Devon,  the  western  half  of  Wales,  the  entire  centre  of  the  Isle  of  Man, 
and  a  large  part  of  Westmoreland  and  South  Cumberland,  In  Scotland,  they 
form  a  band  betvi'Cen  SO  and  40  miles  in  width,  which  crosses  the  island  from 
the  Mull  of  Galloway  to  St.  Abba  Head.  They  form  also  a  nan-ow  stripe  of 
land,  which  reci'osses  the  island  along  the  upper  edge  of  the  old  red  sand-stone 
from  Stonehaven  to  tlie  Isle  of  Bute,  and,flirther  noitb,  spread  over  a  considet- 
able  portion  of  Banflshire.  In  the  soutiv-west  of  Ireland  they  attain  a  great 
breadth,  are.narroweratWaterford,  but  form  a  broad  band  along  the  granite 
mountains  from  that  city  to  Dublin,  They  extend  over  a  large  portion  of  the 
counties  of  Louth,  Cavan,  Moiiaghan,  Armagh,  and  Down,^form  a  narrow 
Blripe  also  along  the  coast  of  Antrim  as  far  north  as  the  Giant's  Causeway, — 
and,  in  the  jilterioc  of  Ireland,  re-appear  in  the  mountainous  district  of  Tip- 

Soti., — Ttis  predominance  of  slaty  rocks  in  this  formation  imparts  to  the  soils 
of  the  entire  surfeoe  over  which  they  extend  one  commoii  elayCTr  character. 
They  generally  form  elevated  tracts  of  country,  as  in  Wales,  Cumoerland, 
Scotland,  and  Ireland,  where  the  rigom:s  of  the  climate  combine  with  the  ffe- 
qnenl  thinness  and  poverty  of  the  soil  to  condemn  extensive  districts  to  worth- 


.0  widely  extended  bogs.     Yet  the  slate  rocks  themaelvea,  especi- 
Such  are  found  in 


ally  when  they  happen  to  be  calcareous,  ate  capable  of  pvcducing  fertile  soils, 

"  "  '    ire  found  in  Ihe  Talleya,  on  the  hill  sides,  anc' ' — ' "     *        "-■     '-■-- 

re  oilen  met  with  in  the  slate  districts.    Mor 


ofsueli  productive  land  occur  also  at  lower  lerela,  as  in  tlie  north  of  Devon,  and 
in  the  Bonlli  of  OarnwaU,  In  the  latter  countv,  ^e  soils  on  the  homblfode  slain 
(which  lies  near  the  bottom  of  the  slate  series  )are  extremely  fei'tile,  exhibiting  a 
Btrilting  contrast  with  those  which  are  formed  from  the  neighbouring  Serpenlme 
rocks,  that  extend  over  a  large  area  ioimediatelv  north  of  the  Lizard  (see  p.  265,) 

Where  the  clay-slate  soils  oecur,  therefore,  howeTer  cold  and  stjtf  they  may 
be,  a  Kivoiirable  climate,  drainage,  if  necessary,  and  lime,  either  natumlly  pre- 
sent, or  artificially  added,  appear  to  be  the  first  requisites  to  insure  fertility. 

The  mode  in  which  these  rocks  Ue,.  or  the  de^e  of  inclinadon  which  the 
beds  exhibit,  exercises  an  important  influence  upon  the  agricultural  character 
of  the  soils  that  rest  upon  them.  In  the  diagram  inserted  in  page  338,  the 
rocks  (A)  represent  the  highly  inclined,  often  nearly  vertical  position,  iii  wliich 
the  slate  roi^s  are  moat  frequently  found.  The  soil  formed  from  them  must, 
therefore,  rest  on  the  thin  edges  of  the  beds.  Thus  it  .happens  in  many  lo- 
calities that  the  rains  carry  down  the  soluble  parts  of  the  soil  and  of  the  manure 
within  the  partings  of  the  slates — and  hence  the  lands  are  hungry  end  unproHt- 

On  the  slopes  of  the  clay  slate  hills  of  the  Cambrian  and  Silurian  systems, 
flourish  the  vineyards  of  the  middle  Rhine,  the  Moselle,  and  the  Ahr. 

ID  Gneiss  Systems. 

The  upper  of  these  formations  con- 
sists of  thin  undulating  layers  of  rock, 
consisting  chiefly  of  quarts  and  mica, 
alternating  occasionally  with  green 
(chlorite)  slates,  common  day-slates, 
quartz  rock  and  hard  crystalline  lime- 
stones.   The  gneiss  is  a.  hard  and 
solid -rock  of  B  similar  nature,  consist- 
ing of  maiw  thin  layers  distinctly  vi- 
sible, but  firmly  cemented,  and  as  it 
were  half-melted  together. 
ExTEHT. — Two-thirds  of  Scotland,  comprehending  nearly  the  whole  country 
north  and  west  of  the  Qrampians,  consist  of  these  rocks.    In  England  there 
is  only  a  small  patch  of  mica  slate  about  Boll  Head  and  Start  Point  in  South 
Devon,  and  a  somewhat  larger  in  Anglesey ;  but  in  Ireland,  nearly  the  whole 
of  the  counties  of  DonegaJ  and  Londonderry  on  the  north,  and  a  large  portion 
of  Mayo,  Connaught,  and  Galway,  on  the 'west,  are  covered  by  rocks  belonging 
to  the  mica  slats  s3rstem. 

Soils, — These  rooks  are,  in  general,  harder  still  than  those  of  the  Cambiian 
system,  and  still  more  impervious  to  water,  when  not  highly  inclined.  They 
crumble  slowly,  therefore,  and  imperfectly,  and  hence  ate  covered  with  thin 
soils,  on  which,  where  good  natural  dminage  exists,  a  coarse  herbage  springs, 
and  from  which  an  occasional  crop  of  com  may  be  reaped — but  on  which,  where 
the  water  becomes  sl^nant,  extensive  heaths  and  bogs  prevail.  That  they 
contain,  when  perfectly  decomposed  and  mellowed,  the  materials  of  a  fertile  soil, 
ia  shown  by  the  richness  of  many  little  patches  of  land,  ^at  occnr  in  the  shel- 
tered valleysof  the  Highlands  of  Scotland,  and  by  the  margins  of  its  many 
lakes.  In  general,  however,  the  mica-slate  and  gneiss  countiyis  so  elevated 
''""' """'  only  does  an  ungenial  eliraata  assist  its  natural  nnptoductiveness,  but 


rocks, — leaving  only  a  pODi',  tlilr 


;,Ckxi^lc 


On  thftse  hard  slate  and  gneiss  rodta  extensive  pine  fbresta  in  Swedejl  and 
Worway  have  long  lived  and  died.  In  these  countries  it  is  cuslomaiy  in  inany 
places  to  bum  down  the  wood,  to  strew  the  ashes  over  the  thin  soil,  to  han-ow 
in  the  seed — to  reap  thus  one  or  two  harvests  of  rye,  and  to  abandon  it  again  to 
nature.  A  ^rove  of  beech  first  apiings  up,  which  is  supplanled'by  an  aflar- 
growth  of  pine,  and  finally  diaappoara. 


Such  is  a  general  description  of  the  nature  and  order  of  succession  of 
the  stratified  rocks,  as  tliey  occur  in  Great  Britain  and  Ireland — of  ths 
relative  areaa  over  which,  they  severally  appear  at  tlie  surface — and  of 
the  kind  of  soils  which  thoy  produce  by  iheir  natural  decay.  The  oon- 
sideraiion  of  the  facts  above  stated,*  shows  how  very  much  the  fertility 
of  each  district  is  dependent  upon  its  geological  structure — how  much  a 
previous  linowledge  of  that  structure  is  fitted  to  enlighten  us  in  regard  to 
the  Dature  of  the  soils  to  be  eupecled  in  any  district — to  explain  anoma- 
lies also  in  regard  to.the  unlike  agricultural  capabilities  of  soils  appar- 
ently similar — to  indicate  to  the  purchaser  where  good  or  better  lands 
are  to  be  expected,  and  to  the  improver,  whether  the  means  of  amelio- 
rating his  soil  by  Tim.eing,  by  marling,  or  by  other  judicious  admixture, 
are  likely  to  be  within  his  reach,  and  in  what  direction  they  ace  to  be 
sought  for.  There  still  remain  some  important  branches  of  this  subject 
to  which,  at  the  risk  of  fatiguing  you,  it  will  be  my  duty  briefly  to  draw 
your  attention  in  the  following  lecture. 

Ceologicat  Report  on  Ccrrmalt  awd  Bemn;  Bed  lo  a  pspor  by  Sir  Charleo  Lemon,  Ban,,  on 
the  AgTicHilvral  Pradmeof  Cormma  .■—for  Wales  and  Ihe  Dordsr  oounUsa,  In  Murchison's 

In  a  prsiious  note  leconnQsadBd  la  the  ntlention  ortbe  reader;  Ibr Yoikahire,  to  ■  paper  by 
Sir  John  Johnalnn,  But,  hi  the  JsMinol  of  Oe  Ifcj/ai  AgHaOlufal  Sodetg  ;—eo6  for  llie  OM 
Bod  eand-9lone  of  Ihs  liorth  of  ecoUand,  to  the  verr  iStereeOng  llUle  woi*  otMr.  -MiUer  on 
Ite  Old  Eed  iSmd^ilont.    The  resder  would  read  the  above  section  wiih  much  jrMt™ 
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LEtrURE  XII. 

pEjsica]  properliea  of  aoila  ' 

It  has  lieen  stated  in  the  preceding  Lecture,  (^  6,  p.  337),  that  the  roolta 
which  present  themselves  at  tlie  surface  of  the  earth  are  of  two  kinds, 
distinguished  by  the  terras  siralified  and  imstratijied.  The  former 
crumble  away,  lo  general,  more  rapidly  than  the  latter,  and  form  a  va- 
riety of  soils  of  wSieh  the  agricultural  characters  and  capabililiea  have 
been  shortly  explained.  The  unstratified  or  crystalline  rocks,  form  soils 
of  so  peculiar  a  character  and  possessing  agricultural  capabilities  in 
general  ao  different  from  those  of  the  stratified  rocjss  which  occur  in  ihc: 
same  neighbourhood,  and  they,  besides,  cover  so  large  and  hitherto  so 
unfruitful  an  area  in  our  island,  as  lo  emille  them  to  a  separate  and 
somewhat  detailed  consideration. 

§  1.  Composition  of  the  Granitic  Socks. 
The  name  of  Oranite  is  given  by  mineralogists  to  a  rock  consisting  of 
a  mistore  more  or  less  imimaie of  ihreesiraple minerals— Quart;:,  jWkh, 
and  Felspar,  "When  Mica  is  wanting,  and  Hbmhlende  occurs  in  ifs 
stead,  the  rack  is  distinguished  by  the  name  of  Syenite.  This  mineral- 
();;ical  distinction  is  often  neglected  by  the  geologist,  who  describes  largo 
iiacls  of  country  as  covered  by  granitic  rocks,  though  there  nriay  be 
many  hills  or  mountains  of  syenite.  In  a  geological  sense,  the  distinc- 
liim  is  often  of  little  consequence;  in  relation  to  agriculture,  however, 
(he  distinction  between  a  granite  and  a  syenite  is  of  considerBhle  im- 

The  minerals  of  which  iheso  rocks  consist  are  raixed  logelber  in  very 
varia:ble  proportions.  Soraetiraes  the  quarta  predorainates,  so  as  lo  con- 
stitute two-thirds  or  three-fourths  of  the  whole  rock,  soraetiraes  boih 
mica  and  quartz  are  present  in  such  small  quantity  as  lo  form  what  is 
(lien  called  H  felspar  rock.  The  mica  rarely  exceeds  one-sixth  of  ihe 
whole,  while  the  hornblende  of  the  syenites  sometiraes  forms  nearly 
one  half  of  the  entire  rock.  These  differences  also  aro  often  overlooked 
by  the g;eologist — though  they  necessarily  produce  important  diSereutes 
in  the  composition  and  agricultural  characters  of  the  soils  dcnved  froni 
the  c^stalline  rooks. 

A  few  other  minerals  occur  occasionally  among  the  graniiie  roclts,  in 
sufficient  quantity  lo  affect  the  coraposiuon  of  the  soils  to  which  they 
give  rise.  Among  these,  the  different  varieties  of  tourmaline  are  in 
many  places  abundant.  Thus  ibe  schorl  rock  of  Cornwall  consists  of 
quartz  and  schorl  fa  variety  of  loLirmallne),  while  crystals  of  schorl 
are  ao  frequently  found  in  ihe  granites  of  Devon-,  Cornwall,  and  the 
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Seilly  Isles,  as  to  be  considered  characteristic  of  a  very  large  portion  of 
them   (Dr.  Boasc). 

Tliese  rocks  decay  with  very  different  debtees  of  rapidity — accord- 
ing to  the  proportions  in  wliich  the  severa.  minerals  ate  present  in 
them,  and  to  the  peculiar  state  of  hardness  or  aggregation  iu  which  they 
iiappen  to  occur.  Both  the  mode  of  their  decay,  however,  and  the  cir- 
cumstances under  which  it  takes  place,  as  well  as  ihe  character  and 
composition  of  the  soils  fonned,frora  them,  are  materially  dependent 
upon  the  composition  of  the  several  minerals  of  which  the  rocks  consist. 
This  composition,  therefore,  it  will  he  necessary  to  exhibit. 

1°.  Quartz  has  already  been  described  (p.  306),  as  a  vaiiety  of  silii:a 
— the  substance  of  flints,  and  of  siliceous  saiids  and  sand-stones.  ■  In 
granite  it  often  occurs  in  the  form  of  rook  crystal,  but  it  is  more  frequent- 
ly disseminated  m  small  particles  throughout  the  Toclsy  mass.  It  is 
hard  enough  to  scratch  glass. 

2°  Fel^ar  is  generally  colourless,  but  is  not  unfrequently  reddish  or 
flesh  coloured  On  the  colour  of  the  felspar  they  contain,  that  of  ilic 
granttps  most  frequently  depends.  Several  varieties  of  this  mineral  are 
kno«  n  10  collectors.  Besides  the  common  felspar,  however,  it  is  ooly 
necessary  to  ipecify  Albite,  which,  iu  appearance,  closely  resembles  fcl- 
sp  ir  often  lakes  its  place  in  granite  rocks,  and  in  chemical  constitution 
differs  from  it  only  in  containing  soda,  while  the  common  felspar  con- 
tains potash      These  two  minerals  are  readily  distinguished  fram  quarrz 

)y  tne  point  ol  a  Kniie. 
ii  respectively  of— 

Silica     ....     65-31  6909 


Soda      ....        —  11-69 

lOO'OO  100-00 

It  is  to  bo  observed,  however,  that  these  minerals  do  m  _^ 
cur  in.nature  in  a  perfectly  pure  slate — for  though  they  do  nnl  essential- 
ly contain  either  lime,  magnesia,  or  oxide  of  iron,  they  are  s^dora  found 
without  a  small  admixture  of  one  or  more  of  these  subsianoes.  It  is  also 
found  that  while  pure  felspar  oontaina  only  potash,  and  pure  albite  only 
soda,  abundance  of  a  kind  of  intermediate  mineral  occurs  which  contains 
both  potash  and  i*)i3o.  Such  is  the  case  with  the  felspar  of  the  Siebenge- 
liirge,  ou  the  right,  bank  of  (he  Rhine  (Berthier),  and  with  those  con- 
tained in  the  lavBuot'ViJSUvius  and  the. adjacent  parts  of  Italy  (Abich). 

In  these  two  mtnerale  the  silica  is  combined  with  the  potash,  soda, 
and  alumina,  forming  ceilaic  compounds  already  described  under  tho 
name  o(ailmtes  (p.  a07}. 

Felspar  consists  of  a  silicate  of  alumirta  combined  with  a  silicate  of 
potash.  AUnle  of  the  same  silicate  of  alumina  combined  with  a  silicate 
of  soda. 

3°.  Miea  generally  occurs  disseminated  through  the  granite  in  small 
shiningscales  or  plates,  which,  when  extracted  from  the  rock,  split  reudi- 
iy  into  ntimerOus  inconceivably  thin  layers.     ' 
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in  large  masse  a,  aad  ia  of  various  colours — white,  grey,  brown,  green, 
and  blaclt.  It  is  soft  and  readily  cut  with  a  knife.  The  thin  sliining 
particles  that  occur  in  many  sand  stones,  and  especially  bEtween  the 
pavlings  of  the  beds,  and  give  thom  what  is  called  a  micai-eous  ciiarac- 
ler,  are  only  njore  or  less  weathered  portions  .of"  this  mineral. 

Mica  also  consists  of  silicates,  though  iia  constitution  is  not  always  so 
simple  as  that  of  felspar.  In  some  varieties  magnesia  is  present,  whilst 
io  others  it  is  almost  wholly  wanting,  as  is  shewn  by  the  following  com- 
p^Ltion  of  two  specimens  from  different  localities. 

Potaah.  Mapipsian. 

MicB.  Mica, 

Silica 46-10  40'00 

Alumina     .     .     .     .     31-60  12' (i7 

Prot-Oxideoflron   .       8'65  19.03 

Magnesia    ....       —  15-70 

Potash 8-39  5-61 

Oxide  of  Magnesia  .      I'-IO  0-63 

Fluoric  Acid   ,     .     .       1-12  2-10 

Water 1-00   Tlianic  Acid  1'63 

98-36  97-37 

If  we  neglect  the  three  last  snbstanc^'which  are  present  only  in  small 
ijuantilies,  and  reeolkct  that  the  silica  is  in  combination,  with  all  the 
oiher  substances  which  stand  beneath  it,  we  see  that  these  varieties  of 
mica  consist  of  a  silicate  of  alumina,  combined  in  the  one  with  silicate 
of  iron  and  silicate  of  polask,  and  in  the  other  with  silicate  of  iron  aiid 
nlicati  of  magnesia. 

4°.  Mornhlendt  occurs  of  various  colours,  but  that  which  forms  a  con- 
stituent of  the  syenites  and  of  the  basalts  is  of  a  dark  green  or  brownish 
black  colour,  is  often  in  regular  crystals,  and  is  readily  distinguished 
li'Om  quartz  and  felspar  by  its  colour,  and  from  black  mica  by  not  split- 
ting into  ibin  layers^  when  healed  in  the  flame  of  a  candle.  It  consists 
of  silicales  of  aliunina,.lime,  magnesia,  and  oxide  of  iron,  or  per  cent, 
of— 


Silica 

42-24 

45-69 

Alumina     .     .     .     . 

13-93 

1218 

Lime 

12-24 

13-63 

Magnesia    .     .     .     . 

13-74 

18-79 

Prot-Oside  of  Iron   . 

14-59 

7-39 

Oxide  of  Manganese 

0-33 

0-22 

Fluoric  Acid  .    .    . 

— 

1-50 

97-06  99-53 

A  comparison  of  these  two  analyses  shows  that  the  proportions  of 
magnesia  and  oxide  of  iron  sometimes  vary  considerably,  yet  that  the 
hornblendes  still  maintain  the  same  general  composition.  They  are  re- 
markably distinguished  from  felspar  by  the  total  absence  of  potash,  and 
soda,  aftd  by  containing  a  large  proportion  of  lime  and  magnesia.  From 
the  potash-mica  they  are  distinguished  by  the  same  chemical  differen- 
ces, and  from  the  magnesian  raica  by  containing  lime  to.the  amount  of 
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1th  part  of  their  whole  weight.  Such  differences  muat  materially  af- 
fect the  constitulioa  and  agricultural  capabilities  of  the  soiU  formed  from 
these  several  minerals,  and  ihey  show  ihe  corrtctness  of  what  I  have 
previously  stated  to  you — that  miiieralqj(i»ai  diffetences  in  rocks  which 
may  be  neglected  by  the  geologist,  may  ba  of  great  importance  in  ex- 
plaining the  appearances  that  present  thoiuselves  to  the  philosophical 
agriculturist. 

4°.  Schorl  usually  occurs  in  the  form  of  long  black  needles  or  prisms 
disseminated  through  the  granitic  rock,  and  generally  (in  Cornwall)  at 
the  outskirts  of  the  granite,  where  it  cornea  into  contact  witli  ihe  slaie 
rocks  that  surround  it  (De  la  Beche).  it  consists  of  a  silicate  of  alumi- 
na in  combination  witk  silicates  of  iron  and  of  soda  or  maEoesia.  Two 
varieties  gave  by  analysis — 

Silica, 35-20  37-65 

Alumina 35-50  33-46 

Magnetic  Oxide  of  Iron,  17-86  9-38 

Magnesia 0-70  10-9B 

BoracicAcid,   .     .     .  4-II  3-83 

Soda 2-09     Soda  &  potash,  2-53 

Lime ■',  0-55  0-25 

Oxide  of  Manganese,  0-43  — 

96-44  08-08 

This  mineral,  according  to  these  analyses,  is  characterised  by  con- 
taining from  ^  to  ^  of  ils  weight  of  m^nelie  oxide  of  iron,"  and  some- 
times A  of  magnesia.  The  presence  of  Boracic  acidf  is  also  a  remark- 
able character  of  this  mineral,  but  as  neither  the  presence  of  thia  aub- 
stance  in  any  soil,  nor  its  effect  upon  vegetation,  have  hitherto  been  ob- 
served, we  can  form  no  opinion  in  regard  to  its  irapoftance  in  an  agri- 
cultural point  of  view. 

§  2.  Of  the  degradalwn  of  Ihe  Granitic  rocks,  and  of  (he  soils  formed 
from  them. 

The  granites,  in  general,  are  hard  and  durable  roclis,  and  but  Utile  af- 
fected by  the  weather.  Thequariz  they  contain  isacarcely  acted  upon  at 
all  by  atmospheric  agents,  and  in  very  many  cases  the  felspar,  mica, 
aiid  hornblende  yield  with. extreme  slowness  to  iheir  degrading  power.  It 
is  chiefly  to  the  diemieal  deeonypo^tioa  of  the  felspar  that  the  wearing 
away  of  granite  rocks  is  due,  and  the  formaiion  of  a  soil  from  their  crum- 
bling substance. 

It  has  been  stated  that  the  felspars  consist  of  a  silicate  of  alumina  ia 
combination  with  silicates  of  potash  or  of  soda.  New  these  latter  sili- 
cates are  slowly  decomposed  by  the  carbonic  acid  of  the  air  (see  p.  207), 
which  combines  with  the  potash  and  soda,  and  ibrms  carbonates  of  these 
alkalies.     These  carbonates  ate  very  soluble  in  water,  and  are,  there- 
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fore,  waslied  away  by  the  first  sfiower  of  rain  that  tslts.  The  insoluble 
silica  and  the  silicate  of  alumina  ate  eiiher  left  behind  or  are  more  slow- 
ly carried  away  by  the  rains  in  the  form  of  a  fine  powder  (a  fine  porce- 
lain clay),  and  depoailed  in  the  valleys  or  borne  into  the  rivers  and  lakes, 
— while  the  particles  of  quartz  and  mica,  having  lost  their  cement  of  fel- 
,i|i;ir,  fall  asunder,  and  form  a  more  or  less  siliceous  sand. 

Granite  soils,  therefore,  on  all  hanging  gTOUnds, — on  the  sides  and 
tinijeaof  hlll3,  that  is — are  poor  and  sandy,  rarely  containing  a  sufficient 
Milioisture  of  clay  to  enahle  them  (o  support  crops  of  corn — while  at  (he 
liiiriimis  of  (he  hills,  whether  on  flat  or  hollow  grounds,  (hey  are  corn- 
[ni^cd,  in  great  measure,  of  the  fine  clay  which  has  resulted  from  the 
KrHdiial  decomposition  of  the  felspar. 

'Phis  clay  consists  chiefly  of  the  silicate  of  alumina  contained  natural- 
ly in  the  felspar — il  differs  little,  in  short  from  that  which  has  alreaJy 
luen  described  (p.  161),  under  the  name  of  pure  or  pipe  clay,  which  is 
dm  stiff  and  intractable  to  be  readily  converted  into  a  prolific  soil. 

It  will  readily  be  understood  how  such  soils — decomposed  felspar  soils 
— must  generally  contain  a  considerable  quantity  of  potash  from  the 
]in«Knce  of  minute  particles  of  silicaie  of  potash  still  undecoraposed ; 
!iii, I  it  will  he  as  readily  seen  that  they  can  contain  little  or  no  lime. 
since  neither  in  felspar  nor  in  mica  has  more  than  a  trace  of  this  earth 
Ijppii  hitherto  met  with. 

We  have  seen,  however,  that  hornblende  contains  from  ^Ih  to  ^ih  of  its 
weight  of  lime,  and  as  ihe  same  carbonic  acid  of  the  atmosphere  which 
lieco  in  poses  (he  felspar,  decomposes  (he  silicates  of  (he  hornblende  also, 
v:  is  clear  (hat  soils  which  are  derived  from  the  degradaliga  of  syenidc 
rmka,  especially  if  the  proportion  of  hornblende  present  in  thetabe  lara", 
will  contain  lime  as  well  as  clay  and  silica.  Thus  consisting  of  a^Ti- 
pr  number  of  the  elements  of  a  fertile  soil,  they  will  be  more  easily 
rendered  fruitful  also — must  naturally  be  more  fruitful — than  those 
which  are  formed  from  the  granites,  correctly  so  Called.  It  is  to  (he  pre- 
sence of  this  lime  tBat  the  superior  fertility  of  the  soils  derived  from  the 
lioniblende  slates  of  Cornwall,  already  adverted  to  (p.  255),  is  mainly 
to  be  ascribed. 

Schorl,  as  above  stated,  contains  muclioside  of  iron,  and  aometimes 
live  or  sin  ]jef  cent,  of  magnesia.  It  decomposes  slowly,  will  give  liie 
soil  a  red  colour,  and  though  it  contain  only  a  trace  of  lime,  yet  the  ad- 
miKiiire  of  its  constituents  with  those  of  the  Ms^at  may  vossibly  amelio- 
rate (he  quality  of  a  soil  formed  from  the  decay  of  the  felspar  alone.. 

It  thus  appears  that  a  knowledge  of  (he  constitution  of  the  minerals  of 
which  (he  granites  are  composed,  and  of  the  proportions  in  which  these 
minerals  are  mixed  together  in  any  locality,  clearly  indicates  what  the 
nature  of  the  soils  formed  from  them  mint  be— an  indication  which  per- 
fectly accords  with  observation.  The  same  knowledge,  also,  showing 
that  such  soils  never  have  contained,  and  never  can,  naturally,  include 
more  than  a  (race  of  fime,  will  satisfy  the  improver,  who  believes  (he 
presence  of  lime  to  be  almost  necessary  in  a  fertile  soil,  as  to  the  first 
step  to  be  taken  in  endeavouring  to  rescue  a  granitic  soil  from  a  state  of 
nature — will  explain  to  him  the  reason  why  the  use  of  limo  and  of  shel. 
sand  on  such  soils,  should  so  long  liave  been  practised  with  tlie  best  ef- 


feels, — and  will  encourage  him  to  persevere  in  a  course  of  treatniciit 
which,  while  suggested  by  theory,  is  eon  firmed  also  by  practice. 

Extent  of  granitic  rocks  in  Great  Britjxin  and  Ireland. — In  EnglaiMi, 
the  only  extensive  tracts  of  granite  occur  in  Cornwall  and  Devon,  pre- 
senting themselves  here  and  there  in  isolated  patches  from  the  Scilly 
Isles  and  the  Land's  End  to  Dartmoor  in  South  Devon.  In  the  latter 
locality,  the  grauile  rocfes  cover  an  area  of  about  400  square  miles.  Pro- 
ceeding norlhivard,  various  stnall  out-tursts*  of  granite  appear  in  the 
Isle  of  Anglesey,  in  Westmoreland,  and  in  Cumberland,  and  north  of 


isle  01  Anglesey,  in  Westmoreland,  arvl 
the  Solway,  in  Kirkcudbright,  it  extends 
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It  (he  Grampian  Hills  that  these  rocks  begin  ii 
tensively  developed.  With  ihe  exception,  indeed,  of  the  patches  of  old 
red  sandstone  already  noticed,  nearly  the  whole  of  Scotland,  ntjrth  of  the 
Grampians — and  of  the  wealern  islands,  excluding  Sky e  {lud  Mull,  coei- 
sisis  of  granitic  rocks. 

In  Ireland,  a  range  of  granite  {the  Wickiow)  mountains  runs  south  liy 
west  from  Dublin  to  near  New  Ross — the  same  rock  forms  a  consider- 
able portion  ofthe  mountainous  districts  in  the  north-west  of  Donegal,  ati6 
in  ihe  south  of  Gal  way — coversalessextensiveareain  Armagh, and  pre- 
sents itself  in  the  fofin  of  an  isolated  patch  in  ihe  county  of  Cavan. 

Sails  of  Ihe  granitic  rocks. — From  what  has  been  already  stated  in  re- 
gard to  the  composilion  of  granite,  it  is  clear  from  theory  that  no  gene- 
rally uniform  quality  of  soil  can  be  expected  to  result  from  its  decompo- 
siiion,  and  this  deduction  is  confirmed  by  practical  observation.  Where 
i]uariz  is  more  abundant,  or  where  the  clay  is  washed  out,  the  soil  is 
jionr,  hungry,  and  unfruitful — such,  generally,  is  its  character  on  liie 
more  exposed  slopes  of  the  hills  in  the  Western  Isles,  and  in  the  nori  h 
of  Scotland. —  [Macdonald's  Agricultural  Survey  of  the  Hebrides,  p.  2(i.] 
In  the  hollows  and  levels,  where  natural  drainage  exists,  stiff  clay  soils 
prevail,  which  are  often  cold  and  unfruitful,  but  are  capable  of  amellii- 
rntion  where  the  depth  of  earth  is  sufficient,  by  draining  and  abundant 
liming  or  marling.  Where  there  is  no  natural  drainage,  vegetable  mat* 
ler  accumulates,  as  we  have  seen  to  be  the  case  «n  the  surface  of  allitn- 
pervious  rocks — and  bogs  are  formed.  In  Ihe  north  of  Scotland,  and  in 
Ireland,  and  in  the  high  lands  of  Dartmoor  (Devon),  these  are  every- 
where seen  in  such  localities,  and  it  is  said  that  two-thirds  of  the  He- 
brides are  covered  with  peat  bogs  more  or  less  reclaim  able. 

In  Cornwall  and  Devon,  the  granitic  soils  {growan  soils,  as  they  are 
ihere  called)  are  observed  to  be  more  productive  as  the  hills  diminish 
in  height.  Thus  Dartmoor  is  covered  only  with  heath,  coarse  grass, 
and  peat ;  while  in  the  Scilly  Isles  the  growan  land  produces  good  crops 
of  wheal,  potatoes,  barley,  and  grass  i  and  Ihe  same  is  observed  at 
Morelon  Hampstead,  in  Devon,  where  loleracile  crops  of  barley  are  grown, 
and  potatoes,  which  are  highly  esteemed  in  the  Exeter  market  (De  La 
Beche).  No  doubt  the  climate  hassomething  to  do  with  these  differ- 
ences i  but  the  less  the  elevation,  and  the  consequent  washing  of  the 
rains,  the  more  of  the  clay  will  remain  mixed  with  the  siliceous  sand ; 


while  in  aid  of  bolli  these  causes,  u  siiiull  iliflcrevite  in  iho  composition 
ofits  consiituent  minerals,  ofieii  nut  to  be  dtiecied  by  ihe  eye,  may  ma- 
terially affect  the  character  of  the  granitic  soils. 

According  to  Dr.  Paris,  the  presence  of  much  micadeierioraies  these 
soila;  while  that  which  is  formed  al  the  edges  of  the  granite,  when  it 
comes  in  contact  TOith  the  slate  rqcks,  is  of  a  mote  fertile  quality.  The 
latter  remark,  however,  does  not  imiversally  apply, — especially  where 
the  granite,  as  al  the  edges  of  Dartmoor,  contains  much  schorl,  (De  La 
Beetle) — and  the  presence  of  inica,  in  the  richest  soils'  of  Ihe  red  msrl, 
would  seem  to  imply  that  this  mineral  is  fitted  malerially  to  promote 
ihe  fertility  of  a  soil  m  which  the  other  earthy  ingredienla  are  properly 
iidjiisled. 

The  more  elevated  and  thin  granitic  soils  are  said  to  be  fitted  for  the 
^irawth  of  larch  ;  the  lower  and  deeper  soils,  which  admit  of  the  use  of 
ihe  plough,  have  been  found  to  yield  a  three-fold  return  of  corn  liy  the 
use  of  lime  alone. 

§  4.   Of  Ike  trap  rocks,  and  the  soils  formed  from  them. 

or  the  trap  rocks  there  are  several  varieties,  of  which  the  most  irapor- 
'.ant  are  distinguished  by  tha  names  of  Greenstone,  Basalt,  and  Ser- 
penline. 

Tlie  Green-stones  consist  of  a  rnixture  more  or  less  intimate  of  felspur 
and  hornblende,  or  of  felspar  and  augite.  They  are  distinguished  from 
ilie  granites  by  the  absence  of  mica  and  quartz,  and  by  (he  presence  of 
the  hornblecde  or  sugtte,  often  in  equal,  and  not  unfrequenily  in  greaMr 
quantity  than  the  felspar.  In  llie.  granites,  ihe  felspar  and  quartz  ui- 
gether  generally  form  upwards  of -^  of  the  whole  mass. 

Augile  is  a  mineral  having  much  resemblance  to  ho.mblende,  and, 
like  iC occurring. of  various  colours.  In  the  trap  rocks  it  is  usually  of  a 
dark  green  approaching  to  black.  It  generally  contains  much  lime  and 
oxide  of  iron  in  the  state  of  silicates.  The  eoihposition  of  two  varieiies 
conl pared  with  that  of  basaltie'i^ornblende  is  as  follows : — 

Silica 63-36  50-50  '         42-24 

Lime 32-19  a2-96  12-24 

Magnesia 4-99  14-43  13-74 

Prot-Oxide  of  Iron     .     .     .  17-36  6-25  ]4-59 

Prot-Oxide  of  Manganese  .  009  —  0-33 

Alumina —  5-37  13-92 

98-01  99-91  97-06 

The  predominance  of  this  mineral  (augile)  or  of  hornblende  in  the 
green-sione  rocks  must  necessarily  cause  a  very  material  difference  in 
the  nature  of  the  soils  produced  from  iheir  decay,  compared  with  those 
which,  are  formed  from  the  granitic  rocks  in  which  the  felspars  are  the 
predominating  mineral  ingredient. 

2°.  Basalt  consists  of  a  mixture,  in  variable  proportions,  of  augite, 
magnetic  oxide  of  iron,  and  ^«oii(e.'     ItdlBers  in  appearance  from  green- 


stone,  chiefly  by  the  darkness  of  iis  colour,  anil  by  die  minuteness  of  the 
parliclea  of  which  it  is  composed,  which,  in  general,  cannot  be  dislin- 
guistied  by  the  naked  eye. 

Zeolite  Js  a  generic  teem  applied  to  a  great  number  of  mineral  species 
which  occur  in  the  basalts,  and  often  intermised  with  the  green-stone 
roclis.  They  coffer  fromfebpar  in  tiieir  greater  soluhUily  in  acids,  and 
by  generally  containing  lime,  where  the  latter  contains  jiolash  or  soda. 

It  may  be  stated,  indeed,  as  tJie  mOst  important  agricultural  distinc- 
tion, between  the  granitic  and  thetrue*tra|i-rocks,  that  the  latter  abound 
i]]  lime,  while  in  the  former,  it-  is  often  entirely  absent.  If  in  a  green- 
stone only  one-fourthofita  weight  consist  of  augite,  every  20  tons  of  llie 
rock  may  contain  one  ton  of  lime.  If  in  a  basalt  the  augite  and  aeoliie 
amount  to  only  two-thirds  of  its  weight,  every  nine  Ions  may  contain  a 
tin  of, lime.  The  practical  farmer  cannot  fail  tfl  conclude  that  a  soil 
f>rined  frani  such  rocks  must  possess  very  dlBereat  agricultural  capabil- 
ities from  the  soils  we  have  already  described  as  being  formed  from  the 
ilecomposilioii  of  the  gracites. 

3^.  Serpentitte  is  a  greenish  yellow  mineral,  consisting  of  silica  in 
r :5 ill bi nation  with  magnesia  and  a  little  iron,  and  occaHotuilly  a  few 
jiniiitdsin  the  hundred  of  lime  or  alumina.  The  distinguishing  ingredU 
pnt  is  the  magnesia,  which  generally  approaches  to  40  per  cent,  of  ilie 
wh'ile  weight  of  the  mineral.  Bocks  of  serpentine  are  generally  mixed 
with  magnetic  iron  ore,  and  with  portions  of  other  minerals  in  greaier 
oj-  ]ns3  ahftndanee. 

Erteat  of  the  trap  roeka  m  the  British  Isles. — The  serpentine  rock  nc- 
i-nti  to  any  extent  only  in  Cornwall,  about  the  Lizard  Point,  where  ii 
(jovers  an  area  of  60  Sfitiare  miies.  The  green-stones  and  basalts  urn 
only  met  with  here  and  there  in  small  patches,  until  we  gel  so  far  norili 
as  the  Cheviot  Hills,  which  consist  of  these  and  other  varieties  of  trap, 
li  is  in  the  low  couiltry  of  Scotland,  however,  intermixed  with  and  siir- 
Riunding  the  great  cod  district  of  that  part  of  the  island,  that  the  greaiest 
breadth  of  trap  ia  seen.  It  there  stretches  across  the  island  in  a  snuili- 
wem  direction,  and  in  detached  masses,  fram  the  Friths  of  Tay  an^l 
Fonh  to  the  island  of  Arran,  covering  an  area  of  800  or  1000  squaie 
miles-  In  the  prolongation  of  the  same  line  it  re-appears  in  the  norlli- 
eaat  of  Ireland,  and  extends  over  the  whole  of  the  county  of  Anirim  and 
a  small  part  of  Londonderry  and  Armagh.  In  the  most  northerly  ]X)rtion 
of  this  tract  the  well-known  columnar  basalt  of  the  Giants'  Causeway 
oceora.  On  the  west  coast  of  Scotland  the  trap  rocks  cover  nearly  lUe 
whole  of  the  islands  of  Mull  and  of  Stye — to  Uie  west  of  the  former  of 
which  islands  lies  Staffa  with  its  celebrated  basaltic  caves. 

SoU  of  the  trap  rocks. — The  soil  of  the  serperiline  rocks  at  th«  hiv.n'i] 
is  fan  from  fertile,  retaining  the  water  and  thus  forming  swamps  and 
marshes.  Even  where  a  natural  drainage  exists  it  rarely^ro'duces  good 
grass,  or  average  crops  of  corn.  It  is  remarkable  for  growing  a  pecu- 
liar, very  beaotifnl  heath — erica  vagans — which  so  strictly  limits  itself 
to  the  serpentine  soil  as  distinctly  to  mark  the  boundary  by  which  the 
serpentine  ia  separated  fram  other  rocks  (De  La  Beche).     From  the 

•  SerpeJiliMS  is  not  sen c rally  included  among  the  /rne  trap  looka:  It  ia  inelodeil  imang 
cliem  here  as  ii  olten  is  by  gealogia^  because  in  mxny  places,  sa  at  the  Lizard,  il  occurs 

^--8l^- 


coir.posidon  of  serpendaB  we  might  be  led  (o  suppoao  that  the  compara- 
tive barrenness  of  the  soils  formed  from  it  is  dje  to  the  iatgo  quHntiiy 
of  magnesia  which  this  mineral  contains ;  and  this  may,  in  some  easei, 
be  partly  the  cause.  It  would  appear,  however,  that  these  soils  oficn 
coniaia  very  llitle  magnefiia,  the  loDg  action  of  the  rains  and  of  other 
agents  having  almost  entirely  removed  it  (see  p.  209),  and  yat  they  still 
retain  their  barrenness.  But  they  contain  no  lime,  and,  therefore,  afief 
druinlng,  the  fitst  great  step  (o  (alee  in  order  to  improve  such  soils,  is  h> 
give  them  a  good  doie  of  iime.  How  this  step  is  to  be  followed  up  wilt 
depend  upon  the  effect  which  this  treatment  is  found  to  produce. 

The  soil  of  the  green-slones  is  generally  fertile,  and  it  is  more  so  hi 
proportion  as  the  hornblende  or  angite  predotuinates — that  is,  generally. 
HI  proportion  to  the  darkness  of  its  colour. 

In  Cornwall  and  South  Devon,  where  scattered  masses  of  trap  occur, 
consisting  chiefly  of  hornblende  and  felspar,  ihey  "afford  the  most  fertile 
soils  of  any  in  the  district  when  their  decomposition  has  taken  place  to 
a  sufficient  depth"  (De  La  Beche).  Wherever  the  trap  rocks  (locally 
duti'Slenes)  are  observed  at  the  surface,  "  it  is  deemed  a  forionaie  cir- 
cumstance, being  a  certain  indieanon  of  the  fertility  of  the  incumbent 
s>ils."— -[Worgsn's  Viewi>f  the  Agriaillwe.a/  ComiBaU,  p.  10.]  The 
puperior  fertility  of  the  neighbourhood  of  Penzance  is  owing  to  the  pre- 
sence of  these  rocks  (Dr.  Paris),  and  where  their  detritus  has  been  mix- 
ed with  that  of  other  rocks — as  with  the  worthless  granite  soil* — it  ame- 
liorates and  improves  their  quality. 

The  sarae  general  character  is  exhibited  by  the  trappean' soils  of  other 
districts  of  the  island.  The  height  of  the  Cheviot  Hills  renders  the  cli- 
"mte  in  many  places  unfavourable  to  arable  culture,  yet  they  produce 
the  sweetest  pasture,"  while-  the  low  country  around  them  has  been 
largely  benefitted  by  admixlure  with  their  crumbling  fragments.  The 
whole  of  that  lowland  tract  of  Scotland,  over  which  these  rocks  extend — 
comprehending  the  counties  of  Ayr,  Renfrew,  Lanat1<,  Linlithgow, 
Fife,  and  portions  of  Perth,  Sterling,  Edinburgh,  and  Haddington, — et- 
tiibit  the  fertile  or  fertilizing  character  of  the  decomposing  green-stone. 
In  Cornwall  it  is  dug  up  as  a  marl  and  applied  to  the  land,  and  in  the 
neighbourhood  of  Haddington  I  have  seen  a  farming  tenant  {a  leasehold- 
er) removing  twelve  inches  of  trap  soil  from  the  entire  surface  of  a  field, 
for  the  purpose  of  spreading  a  layer  of  *an  inch  in  depth  over  twelve 
times  the  area  inanoiber  part  of  his  farm.  There  can  be  no  doubt  that 
(his  mode  of  improvement  is  within  the  reaoh  of  many  proprietors  and 
farmers—especially  along  the  southern  borders  of  Perthshire,  and  neai 
(he  more  elevated  of  Ayr  and  Lanark.' 

To  the  north  of  Ireland,  and  to  tlie  Western  Islands,  the  above  re- 
inariis,  with  slight  modifications,  arising  from  local  causes,  will  also  ap- 
j)ly.  For  example,  where  the  surface  is  flat,  and  the  rock  impervious, 
water  will  collect  and  heaths  and  bogs  will  be  produced,  which  only 

'  ll  la  a  slnBcIar  facl  t/oeerwei  here  adil  Ibere  amaaa  Iha  Cheviot  HItIa  on  the  border,  I1ia< 
u'liereatie^nre  folded  orjiaslur^d  on  hills  oruapwbiTch  are  covered  wMh  ileUcale  heFOige, 

where  |hey  become  a^ain  aclivE^  eud  begin  la  Ihrivs,  fae^niiti  blHf  on  each  farm  are 
well  linoivn,  and  Ihe  lenafll  byiaa  heallaUDn  In  polueing  Is  ibia  end  la  Ibst  hill  as  Iboae  w 
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draining  cnn   remove.     They   apply  iilsn  in  olher  oounlries  whore  :r:ip 
locks  about"! — ihe  only  fHriile  iraco  of  Aiiyssinia,  for  insance,   lidtig 
found  )D  vallies  and  on  moiinlain  alnpes,  wlieie  (he  soi!  is  tomnospd  of 
the  delrilHSof  trappean  rocks  (Dr.  Rilppelt  , 
"Yet  there  are  exceptions  to  Ihis  genernl  rUjIe. 

Where  ihe  felspar  is  largely  predominanl,  Ihe  soil  formed  from  llie 
rock  will  panake  Dinre  or  less  of  the  cold  and  bnrren  characier  of  ihe 
Blifler  granitic  soils.  Such  appears  to  he  the  cose  wiili  some  of  (hp  trap? 
which  occur  in  ihe  border  couniies  of  England  and  Wales  (Mnrdiison). 
Tn  ihe  Isle  of  Skye.  again, -a  local  peculratiiy  ofe  difterent  kind  ob- 
tains, the  effect  of  which  upon  (he  noil  is  also  (o  render  i' poor  and  un- 
productive. In  thai  island  the  singularly  heantiful  ridge  of  the  Ciichur- 
ien  Hills  consiela  of  a  variety  of  trap  in  which  the  augite  m  far  predomi- 
n ales  as  to  form  nearly  t'.;e  whole  of  ihe  ntonntain  masses,  Bui  the 
augiie  in  this  case  is  a  variety  lo  wliieh  die  name  of  A;^;'*™'**"*  ^^^ 
lieen  eivei),  and  which  coniains'much  ma^tipma  and  oxide  of  iron,  but 
Bcarcdy  a  trace  of  dlher  lime  </r  alumina.  The  rock  is  very  hard,  atul 
decays  with  extre.me  slowness;  yet  however  rafiicliis  decay  might  be, 
it  could  never  pKiduce  a  fertile  soil.  We  have  seen,  iftat  ihe  serpentine 
and  granhe soils  are  esseniiolly  defidenl  in  lime,  hut  a  hypersihene  soil 
is  ill  want  both  of  lime  and  of  clay,'  It  would  be  still  more  dillicuh, 
therefore,  to  render  (be  latter  productive — even  supposing,  as  in  ihe  case 
of  theserpeniine  soils,  ihal  the  magnesia  of  ihe  hypersihene*  were  most- 
ly waslied  away  by  the  rains. 

Thus  we  perceive  how  eaeily  the  study  of  ihe  eom|>osiiion  of  die  dif- 
ferent varieties  of  the  trap  rocks  explains  the  observed  diflerences  in  Ihe 
(juality  of  the  soils  derived  from  them.  When  ihe  minerals  ihey  conlain 
abound  in  lime,  the  soils  they  yield  are  fertile — when  those  niiDerals 
predominate  in  which  lime  is  wanting,  the  soils  are  inferior,  sometimes 
soarcely  capable  of  ctiltivation".  Again,  the  granites  abound  in  potash; 
but  except  in  (he  syeniies  tliey  rarely  contain  lime,  and  their  soilsare 
generally  poor.  Lei  them  be  mixed  with  the  traji  soils,  and  they  are 
enriched.  This  would  seem  fairly  and  clearly  to  imply  that  the  feniliij 
of  the  one  is  mainly  due  to  the  presence  of  hme,  and  the  barrenness  of 
tlie  other  to  the  absence  of  ?his  earth. 

On  diis  subject  I  will  only  further  add,  that  the  more  modern  volcanic 
lavas  which  overspread  Italy,  Kicily,  parls  of  Fraiice,  Spain,  and  Ger- 
many, are  closely  related  to  the  trap  rocks  in  their  general  composition 
— aail  ihe  fertility  which.  overspreedslhousaTids  of  square  miles  of  de- 
composed lava  streams  and  ejections  of  volcanic  ashes  tn  Italy  and  Si- 
cily, is  too  well  known  to  require  any  detailed  description. 

5  5.   ty  superficial  accwnulations  of  foreign  niatenaU,  and  of  Ihe  mean/i 
by  which  they  have  been  transporled. 
Abundant  proof,  i  think,  has  now  been  advanced  that  a  close  relation 
"  The  hjpersthene  of  Skje  lias  been  found  lo  consiM  o^- 


iBin;  more  mac- 


generally  eilsls  between  the  aoil  and  the  rocka  on  whicli  it  rests,  and 
tli.li  the  geological  stractureof  acjuntry,  as  well  as  the  chemical  consti- 
tution of  the  minerals  of  which  its  several  rocky  masses  consist,  have  a 
primary  and  fundamental  influence  upon  the  agrieuUurai  capabilities  of 

And  yet  I  should  be  leading  you  into  a  serious  error,  were  I  to  permit 
yuu  to  suppose  that  this  iutimaie  and  direct  relation  is  always  to  be  ob- 
se^ved — that  in  whatever  district  yon  may  happen  to  be,  you  will  find 
tho  soil  taking  its  general  character  from  the  subjacent  rocks — and  Ihat 
where  the  same  rocks  occur,  similar  soils  are  always  lo  be  expected. 
On  the  contrary,  in  very  many  localities  the  soil  is  totally  different  fn>m 
that  which  would  be  produced  by  the  degradation  or  decomposition  of 
the  rocks  on  which  it  reals.  To  infer,  therefore,  or  to  predict,  that  on  a 
a;i"eii  spot,  where,  according  to  the  geological  map,  red  sand-stone  for 
eKatnple  prevails,  a  marly  or  other  red  sand-stone  soil  will  necessarily 
bo  founder  that  where  the  coal  measures  are  observed,  poor,  ungrate- 
ful land  must  exist — would  be  to  form  or  to  state  opinions  which  a  visit 
to  ihc  several  localities  would  in  many  instances  show  to  be  completely 
erroneous — and  which  would  bring  undeserved  discredit  upon  geologi- 

In  such  cases  as  these  geology  is  not  at  fault.  New  conditions  only 
have  supervened  which  render  the  natural  relation  between  soils  and 
rocks  in  those  places  less  simple,  and  conse<(oenlly  more  obscure.  Yet 
a  further  study  of  geological  phenomena  removes  the  obscurity — shows 
to  what  cause  it  is  owing  that  in  many  districts  the  soil  is  such  as  could 
never  have  been  formed  from  the  subjacent  rocks — again  places  the  en- 
lightened agriculturist  in  a  condition  to  pronounce  generally  from  what 
rocks  his  soils  have  been  derived — generally  also  what  their  agricultural 
capabilities  are  likely  to  be,  and  by  what  mode  of  treatment  those  capa- 
bilities may  be  most  fully  developed. 

Of  the  surface  of  Great  Britain  and  Ireland  it  may  indeed  be  truly 
said,  that  it  exhibits  extensive  tracts  in  which  the  character  of  the  soil  is 
directly  influenced  by,  and  may  be  inferred  from,  the  character  and 
corapositioQ  of  the  subjacent  rock.  To  these  districts  the  rules  and  ob- 
servations contained  in  the  preceding  sections  directly  and  clearly  apply. 
But  other  extensive  tracts  also  occur  in  which  the  character  of  the  soil  is 
independent  of  that  of  the  rocks  on  which  it  immediately  rests — the 
cause  of  this  apparent  difficulty  we  are  now  lo  consider. 

1".  I  have  already  had  occasion  lo  explain  lo  you  in  what  way  all 
rocks  crumble  more  or  less  rapidly,  and  give  origin  to  soils  of  various 
kinds.  Were  the  surfaces  of  rocks  uniformly  level,  and  that  of  every 
country  flat,  the  crumbled  materials  would  generally'  remain  on  the  spots 
where  they  were  formed.  But  as  already  shown  m  the  diagrams,  in- 
serted in  page  238,  the  rocks  rarely  lie  in  a  horizontal  position, 
but  rest  almost  always  more  or  less  on  their  edges;  and  the  surface  in 
such  a  country  as  ours  is  often  mountainous  or  hilly,  and  everywhere 
undulating.  Hence  the  rains  aie  continually  washing  off  the  finer  par- 
ticles from  the  higher,  and  bearing  them  to  the  lower  grounds — and  on 
occasions  of  great  floods,  vast  quanlilies  even  of  heavy  materials  ate 
borne  to  great  distances,  and  spread  sometimes  to  a  great  depth  and  over 
a  great  extent  of  country— [witness  the  still  recant  floods  in  ft^or^yg^^J 


Thua  Ae  spoils  oFone  rii^ky  i;ii-r.iiii.,M^ir^.-li-..-i,.!ri>ia  \\,A<  [intivc  soil, 
and  are  strewed  uver  the  SLirfaoe  ill-  oiliof  liiii.li  i>["  ii«:ii  iil'  a  luiaLly  Jjl- 
ferenc  GharaWer.  The  fragineniaof  ills'  (jrauite,  gnaiss,  and  slate  rocka 
of  the  high  lands  are  scattered  tiver  the  nld  red  sand-sutnes  which  lie  st 
a  lower  level — and  those  of  the  blue  lime-stone  mouniaina  ove(  the  mill- 
stone grits,  the  coal  measures,  andthenewredsand-BtODesiWhichstieLch 
away  from  their  feet. 

2°.  But  the  effects  prodaeed  by  this  natural  cause,  though  they  may 
he  judged  of  in  kind,  can  never  be  estimated  in  degree  hy  what  we  per- 
ceive.in  our  own  temperate  climates — in  our  country  of  small  rivers  and 
gentle  rains.  How  must  such  effects  exceed  in  magnitude,  in  districts 
where, — as  in  the  Ghauts,  that  separate  the  level  land  of  the  Malabar 
coast  (the  Concan)  from  the  high  table-land  of  the  Deccan, — 120  inches 
of  rain  ocoaaionally  fall  in  a  single  month,  and  340  inches  or  90  feet,  on 
an  average,  every  year  from  June  to  September !  And  to  what  vast 
distances  must  materials  be  transported  by  great  rivers,  such  as  the  Mis- 
sissippi, the  River  of  Arnazons,  the  Ganges,  and  the  Indus,  which  main- 
tain a  course  of  thousands  of  miles,  before  they  empty  themselves  into 
(he  sea?  What  necessary  connection  can  the  deposits  of  mud  and  sand 
which  yearly  collect  at  the  mouths  and  in  the  places  overflowed  by  the 
waters  of  these  great  rivers,  have  with  the  nature  of  the  rochs  on  which 
(heae  transported  materials  may  happen  to  rest? 

3°.  But  the  coostaol  motion  of  the  waters  of  the  sea  washes  down 
the  cliffs  on  one  coast,  and  carries  away  their  ruins  to  be  deposited,  either 
in  its  own  depths,  or  along  other  more  sheltered  shores.  Hence  sand 
banks  accumnlate — as  in  the  centre  of  our  own  North  Sea:  or  the  land 
gains  upon  the  water  in  one  spot  what  it  loses  in  another — as  may  he 
seen  both  on  the  shores  of  our  own  island,  and  on  the  opposite  coasts  of 
Germany  and  Prance. 

What  necessary  relation  can  the  soils  thus  gained  fronj  the  sea  have 
to  the  rocks  on  which  they  rest]  Suppose  the  bottom  of  the  North  Sea 
to  become  dry  land,  what  necessary  mineral  relation  would  then  exist 
between  the  soils  which  would  gradually  be  formed  on  its  hundreds  of 
square  miles  of  sand-banks,  and  the  rocks  on  which  those  sand-banks 
immediately  repose? 

4°.  Again,  the  sea,  in  general,  carries  with  it  and  deposits  in  its  own 
bosom  the  finest  particles  of  clay,  Vune,  and  other  earthy  matters,  and 
leaves  along  its  shores  accumulatiotjs  of  fine  siliceous  sand.  This  sand, 
when  dry,  the  sea  winds  bear  before  them  and  strew  over  the  land,  form- 
ing sand  hills  and  downs,  somerimes  of  considerable  height  and  of  great 
extent.  Such  are  to  be  seen  here  and  there,  in  our  own  islands,  but  on 
the  Eastern  shores  of  the  Bay  of  Biscay,  and  on  the  coasts  of  Jutland, — 
both  exposed  to  violent  sea  winds, — they  occur  over  much  larger  areas. 
Before  these  winds  the  ligh^^nds  are  continually  drifting,  and,  year  by 

J  ear,  advance  further  and  tknher  into  the  co.untry,-  gradually  driving 
altes  before  ib^m,  swallowing  up  forests  and  cultivated  fields,  with  the 
houses  of  the  cultivators,  and  burying  alike  the  fertile  soils  and  the  rocks 
from  which  ihey  were  originally  derived.  [In  the  Landes,  the  ad- 
vance of  the  downs  is  estimated  at  66  to  70  feet  every  year.] 

You  have  all  read  of  lite  fearful  sands  of  the  African  deserts,  and  of 
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their  destructive  mare.i  when  the  burning  winds  awaken.  History  lells 
of  populous  cities  and  fertile  plains,  where  nothing  but  blown  sands  are 
now  lo  be  seen,  and  geology  easily  leads  us  back  to  still  mure. remote 
periods,  when  the  broad  zones  of  s?indy  desert  were  but  narrow  stripes 
of  blown  sand  along  the  shores  of  the  sea,  or  beds  of  comparatively  loose 
sand-slone,  which  here  and  there  came  lo  the  surface,  and  which  (he 
winds  have  gradually  removed  from  their  original  site,  and  walled  widely 
over  the  land. 

Wherever  these  sand-drifts  spread,  it  will  also  be  clear  to  you,  that 
there  may  be  BO  necessary  similarity  between  the  loose  raalerials  on 
(he  surface  and  the  kind  of  rock  over  which  these  materials  are  strewed. 

6"  Al  ng  with  ihose  I  shall  mention  only  one  other  great  agent  by 
wh    I     1    se   materials  are   gradually  transported  to  considerable  dia- 

r  bserved  in  elevated  countries,  where  (he  snow  never  entirely 

Its       d  where  glaciers  or  sheets  of  ice  bang  on  the  mountain  sides, — 

debc     d    g  towarifi  the  plains  as  the  winter's  cold  Comes  on,  and  again 

g  towards  the  mountain-tops  al  the  approach  of  the  summer's 

—  h     (heedgesof  the  glaciers  beat  before  them  into  the  valleys,  and 

d  pos       long  (heir  edges,  banks  of  conical  ridges  of  sand  and  gravel 

(H  ).     These  consist  of  the  fragments  of  the  rocky  heights,  worn 

d  ro  ded  by  the  friction  of  the  sheets  of  ice  beneaih  which  they 
b  d  scended  from  above,  and  from  (he  edges  of  which  they  finally 
escape  into  the  plain. 

These  ridges  of  sand  and  gravel  aecti.mulale  till  some  more  sudden 
thaw  than  usual,  or  greater  summer's  heal  arrives,  when  they  are  more 
or  less  completely  broken  up  by  therush  of  waler  that  ensues,  and  are 
dispersed  over  (he  subjacent  tracts  of  level  land. 

When  (he  rocks  are  of  a  kind  to  rub  down  so  fine  as  to  form  much 
mud  as  well  as  sand  or  gravel,  the  ridges  are  of  a  more  clayey  charac- 
ler.  And  where  the  edges  of  the  glaciers  descend  lo  the  borders  of  lakes 
or  seas — as  in  the  Tierra  del  Fuega — (his  mud  is  washed  away  and 
widely  spread  by  the  wa(ers,  while  .the  gravel  and  sand  remain  nearer 
their  original  site ;  or,  finally,  when  the  ice  actually  overhangs  the  wa- 
ter, huge  fragments  break  on  now  and  then — loaded  with  masses  of  gia- 
vel  auJ  sand,  or  even  with  rocks  of  large  size, — which  fragments  float 
away  often  to  great  distances  and  drop  their  s(ony  burdens  here  and 
there,  as  'hey  gradually  melt  and  disappear. 

To  these  feels,  iet  it  be  added,  that  recent  geological  researches,  of  a 
very  interesting  kind,  (end  lo  show  that  nearly  all  the  elevated  iracls  of 
country  in  the  temperate  regions  of  Europe  and  America — in  our  own 
island  among  other  localities — have  been  covered  with  glaciers  at  a 
comparatively  recent  period,  (geologically  speaking,)  and  that  these  gla- 
ciers have  gradually  retreated  step  by  step  to  their  present  aliiludes, 
balling  here  for  a  time,  and  lingering  (here ; — and  we  shall  find  reason 
to  believe  rhai  traces  of  transported  materials — moved  from  their  origi- 
nal si(e  by  this  agent  also — are  lo  be  looked  for  on  almost  every  geolo- 
gical fomiation. 

And  such  (he  geological  observer  finds  lo  be  in  reality  the  case. 
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S70  DRIFTS  IN  6REAT  BRITAIN. 

§  6.  Of  (he  occurrence  of  stick  accumulations  in  Great  Britain,  andi^ 
their  iajtuence  in  modifying  the  character  of  the  ami. 

Such  accuraulaliona,  for  example,  present  themselves  over  a  large 
prinloD  of  our  own  ialand.  Thus,  Id  Devonshire,  the  chalk  and  green 
sand  are  so  completely  covered  by  gravels,  coDsisting  of  the  fragments 
of  older  rocks  from  the  higher  grounds,  mixed  with  chalk-flints  and 
chert,  that  nearly  the  whole  of  this  tract  possesses  one  common  charac- 
ter of  Infertility,  and  is  widely  covered  with  downs  of  furze  and  healh 
(De  La  Beche.)  In  like  manner  the  chalk,  green  sand,  and  plastic  clay 
of  a  large  portion  of  Norfolk  and  Sufiblk,  and  of  parts  of  the  counties  of 
Essex,  Cambridge,  Huntingdon,  Bedford,  Hertford,  and  Middlesex,  are 
covered  with  till,  (stiff  unsiratified  clay,)  conlaioing  large  stones,  (boul- 
ders,) Of  with  gravels,  in  which  are  mined  fragments  of  rocks  of  various 
ages,  which  must  have  been  brought  from  great  distances,  and  perhaps 
from  different  directions  (Lyell.)  So  over  the  great  plain  of  the  new 
red  sand-siooe,  in  ihe  centre  and  west  of  England— in  Lancashire, 
Cheshire,  Shropshire,  StaHbrdshire,  and  Worcestershire — drifted  gra- 
vels of  various  kinds  are  widely  spread.  It  may  indeed  be  generally 
remarked,  that  over  the  bottoms  of  all  our  great  vallies,  such  drifted 
fragments  are  commonly  diffused — that  upon  our  wider  plains,  they  are 
here  and  there  collected  in  great  heaps — and  that  On  the  16wer  lands  that 
border  either  shore  of  our  island,  extensive  deposits  of  clay,  sand,  or  gra- 
vel, not  unfrequently  cover  to  a  great  depth  the  suWacent  rocks. 

The  practical  agriculturist  will  be  able  to  confirm  this  remark,  in 
whatever  dislricl  almost  he  may  live,  by  facts  which  have  come  within 
his  own  knowledge  and  obsetvaiiba.  I  shall  briefly  explain,  by  way  of 
illustration,  the  mode  ia  ivhich  such  accumulations  of  drifled  matter 
overlie  the  eastern  or  lower  half  of  ihe  county  of  Durham. 

The  eastern  half  of  lbs  county  of  Durham  reposes,  to  the  north  of  iha 
city  of  Durham,  chiefly  upon  the  coal  measures,  (sand -s  ion  es  and  shales;) 
to  ihe  south,  chiefly  on  the  magnesian  lime-stone  and  the  new-red  sand- 
stone. These  coal  measures  rise,  here  and  there,  into  considerable  eleva- 
tions, as  at  Gateshead  Fell  near  Newcastle,  and  Brandon  Hill  near  Dur- 
ham, where  the  rooks  He  immediately  beneath  the  surface,  and  are  cov- 
ered by  comparatively  little  transported  raalter.  The  magnesian  lime- 
stone, also,  inmanylovaliiies,  stansup  in  the  form  of  round  hills  or  ridges, 
on  which  re[)oses  only  a  poor  thin  soil,  formed  in  great  measure  by  the 
crumbling  of  the  rock  itself.  Yet,  generally  speaking,  this  eiiiire  dis- 
lricl is  overspread  with  a  thick  sheet  of  drifted  mailer,  consisting  of 
clays,  sands,  and  gravels, 

This  drift  is  made  up  of  three  separate  layers,  to  be  observed  more  or 
less  distinctly  In  taking  a  general  survey  of  the  county,  though  there  are 
few  spots  where  they  can  all  be  seen  reposing  immediately  one  over  the 

1°.  The  upper  layer  consists  of  clays — on  the  higher  grounds,  poor, 
stiff,  yellow — on  ihe  hill-sides  and  shtpes  of  ihe  valleys,  often  darker  in 
colour — but  almost  everywhere  full  of  rounded  trap  boulders*  frama  few 

coOntry  wtilcnslcetch«a  between  the  north  and  eoiilti  Tyne,  lheoklirtiBsa«lilgar«  bin  ol 
Ibem.  A  Mend  of  mine  Infocms  me  thai  In  pInugbingDiUaiiid&aciblWldonlitaeilalsIn 
Ibat  district,  Iheie  neie  dng  eut  and  cariied  dH  no  leas  than  900lo).a  of  aucli  rolled  alonea 
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pounds  to  many  tons  in  weight.  These  are  generally  dug  up  when  ihey 
obstruct  the  plough,  and  are  sold  for  lueTiding  the  toads  al  about  69.  a 
Ion.     This  clay  varies  in  depth,  from  one  or  two,  to  liily  ot  sixty  feet. 

2°.  Beneath  (he  clay  occurs  an  accumulation  of  fine,  generally  yel- 
low, more  rarely  red.  sand,  iniermised  with  occasional  layers  and 
round  hills  of  gravel — with  frequetit  black  streaks  of  rounded  coal  dust, 
and  here  and  there  wiih  neala  of  rounded  lumps  of  eoal,  from  half  an 
inch  to  five  or  six  inches  in  diameter.  This  coal  is  sometimes  so  abun- 
dant as  to  be  collected  and  sold  for  burning. 

The  gravels,  where  they  overlie  the  coa!  measures,  consist  chiefly  of 
rounded,  and  on  the  upper  part  occasionally  of  large  angular  masses 
of  eoal  sand-alonesr-with  here  and  there  a  fragment  of  irap,  of 
mountain  lime-stone,  or  of  some  of  the  older  rocks  to  be  met  with  in 
the  mountainous  districts  towards  the  west.  Ov^r  the  magnesian  lime- 
sioae,  however,  in  the  south-eastern  division  of  the  county,  towards  the 
fool  of  the  south-eastern  slope  of  the  magnesian  lime-stone  hills,  the  gra- 
vels which  exhibit  in  some  places  ( Wynyard)  an  irregulai:  stratification, 
contain  many  rounded  masses  of  magnesian  lime-stone,  and  even  of 
new-red  sand-stone — the  evident  debris  of  adjacent  rocks  long  ago  bro- 

3°.  The  undermost  layer  which  rests  immediately  upon  the  subjaCer 
rocks  consists  of  a  stiff  unstratified  blue  clay  often  full  of  (rap  boulders 
but  containing  also  occasional  large  rounded  masses  of  Mue  lime-stone 
— and  smaller  pebbles  of  quartz,  of  granite,  and  of  ihe  older  slate  rocks. 
In  many  localities  (his  clay  is  wanting,  and  the  sands  or  gravels  rest  itn- 
mediately  upon  the  carboniferous  or  magnesian  lime-slone  rocks — while 
m.  some  tracts,  both  this  and  the  upper  clay  amiear  to  degenerate  into  a 
stony  most  unmanageable  clayey  gravel.  I  am  not  aware  thai  the 
laree  whin  (trap),  boulders  are  ever  met  with  in  the  beds  of  sand. 

The  following  diagram  exhibits  the  mode  in  which  these  drifted  mate- 
rials  present  themselves  in  the  neighbourhood  of  the  city  of  Durham. 
The  cross  (+)  indicates  very  nearly  the  site  of  Durham  on  the  banks  of 
(he  n\  pr  Wear 


No.  1  represents  the  coal  measuies. 

2.  The  lower  new-red  sand-alone,  here  soft  and  pale  yellow. 

3.  The  magnesian  time-stone  rising  into  a  high  escarpment  from  3  (o 
6  miles  souih  of  tlie  city. 

4.  Yellow  loose  sand — with  rolled  aand-stones  and  eoal-drifi~<icca- 
sionally  stratified.  It  forms  (he  numerous  pielures[|ue  round  hills  in  the 
neighbourhoodof  the  city,  and  varies  from  a  few  feet  to  not  leas  than  120 
feet  in  thickness. 

6  is  the  upper  clay,  with  boulders.  N  indicates  Framwellgale 
Moor,  where  it  is  only  a  few  feet  (hick.  At  S,  on  (he  southern  slope  of 
the  escarpment,  it  some'imes  resls  immediately  on  the  rock  as  here  re- 


presenleil — in  which  caseil  is  difficult  lo  decide  whether  it  should  be  con- 
sidered as  the  under  or  the  upper  clay — though  in  other  spots  both  sand 
and  cloy,  or  gravel  and  clay,  present  tbemaelvea. 

It  will  at  once  occur  to  you  from  the  iospeclion  of  this  diagram,  that 
Ihe  general  character  of  the  soil  in  the  coanty  of  Durham,  wherever 
such  accumulations  of  drifted  matter  occur,  is  not  to  be  judged  from  the 
nature  of  the  rocks  00  which  they  are  known  to  rest. 

Another  fact,  not  unworthy  of  your  allentton,  is  the  rapid  aliemaiions 
of  light  and  heavy  soil,  of  sands  or  grsTels  and  clays,  which  present 
themselves  in  the  same  district,  I  may  say  in  ihe  same  farm,  and  often 
in  the  same  field.  This  arises  from  the  irregular  ihickness  of  the  de- 
posit of  sand  or  gravel  over  which  the  upper  clay  rests.  The  surface 
of  this  sand  is  undulating,  es  if  it  bad  formed  a  country  of  round  hills 
before  the  clay  was  deposited  upon  it.  This  appears  in  the  following 
diagram,  which  represents  the  way  in  which  the  several  layers  are  seen 
lo  occur  in  the  Crindon  cut  on  the  Hartlepool  railway : — 


Here  1  is  the  magnesian  lime-stone,  not  visible ,  2,  the  nnder  cluj 
with  bouldera,  3  the  sand  ri'jmg  in  round  hills,  and  here  and  thtre 
piercing  to  the  surface ,  and  4    the  npper  boulder  clay. 

In  the  county  of  Durham  it  is  a  very  usual  expression  that  ine  lops 
of  the  hills  are  light  turnip  soil— but  that  ihey  fall  offio  clay.  Boih  ihe 
meaning  and  the  cause  of  ihis  are  explained  oy  ihe  above  diagram. 

Nor  is  this  mode  of  occurrence  rare  among  the  alternate  sands  piiil 
clays  of  which  the  superficial  accumulaiions  in  various  pans  of  the 
country  consist.  Nearly  ihe  same  circumstances  give  rise  lo  the  rajiiil 
changes  so  frequently  observed  in  the  character  of  the  soil,  as  we  pass 
from  field  to  Held,  not  in  this  county  only,  but  iii  various  other  parts  ot 
our  island. 
§  7.  How  far  tSiese  acenmidationt  tj  drift  mttijere  wiift  the  general 
deiucbcns  of  AgnciUaral  Otology 

Thus  it  appears  that  oier  i)  e  eastern  half  of  the  county  ol  Dur- 
ham, and  over  large  j  orbons  of  other  countie=  the  soils  are  found  in 
real  upon  and  to  »)envc  iheir  characl«  from  accumulations  ol  drifted 
materials  more  IS^ese  difleient  m  their  nature  from  the  rocks  that  lie 
beneath. 

But  in  the  prece<Scie  lecture  I  have  endeavoured  to  show  you  iliai 
soils  are  derived  from  the  rocks  on  which  they  rest,  and  to  impress  uji'Mi 
you  the  close  general  relalion  which  exists  between  the  kind  of  rocks  of 
which  a  country  is  composed,  and  the  kind  of  soils  by  which  iia  surface 
is'  overspread. 

How  are  these  apparent  contradictions  lo  be  reconciled'.'    How  is  any 


(tegree  of  order  to  be  eYolved  out  of  this  apparent  confusion?     Are  the 
general  indications  of  agricuitural  geology  (Lecture  xi,,  §  8,  )  atitl,  in  any 


d  for  tlie  following,  among  other  reasons ; 


degree,  to  be  relied  upon  ? 

They  are,  and  for  the  fo! 

1°.  It  is  still  generally  true  lliat  wliere  a  considerable  e: 
try  resis  upon  any  known  rock,  the  soil  in  that  district  derives  its  usual 
character  from  the  nature  of  that  rock.  Thus  though  large  portions  of 
Cheshire  and  Lancashire  are  covered  with  drift,  yet  ibe  soil  of  these 
I  ouniies,  talien  as  a  whole,  has  the  general  characters  of  the  soils  of 
ibe  new-red  sand-stone,  which  in  ihat  part  of  England  is  so  largely  de- 
veloped. 

2°.  Where  the  drift  overspreads  any  large  area,  it  is  found  to  become 
graduallj^  mixed  up  with  the  fragments,  large  and  small,  of  the  rocks 
upon  which  it  reposes.  Thus  in  the  neighbourhood  of  Durham,  !he 
round  hills  of  sand  and  gravel  with  intermingled  coal  eonrist  in  great 
part  of  the  ruins  of  the  sand-atones  nf  the  conntry  itself— while  the 
clays,  no  doubt,  are  partV  derived  from  the  shale  beds  which  occur  in- 
termicgled  with  ihe  sand-stones  of  the  same  coal  measures.  Hence  the 
soils  of  the  norihern-  half  of  this  county,  in  general,  still  partake  of  the 
usual  qualities  of  those  of  the  coal  measures  and  rnill-stono  grit  (pp. 
249  and '250).  In  the  western  and  higher  pan  of  the  district  they  lie 
more  immediately  on  the  rock's  from  which  they  have  been  derived, 
while  on  the  eastern  half  they  rest  on  a  mixture  of  the  accumulated 
ruins  of  tlie  same  rocks,  which  have  been  transported  by  natural  agents 
to  a  greater  or  less  distance  from  their  natural  site. 

It  is  true  that  there  are  mixed  up  with  theSe  many  portions  of  other 
rocks  brought  from  a  still  greater  distance,  but  these  bear  but  a  small 
propnnion  to  the  entire  mass,  and  hence  have,  generally  speaking,  but 
little  influence  in  altering  the  mineral  oharacfer  of  the  whole. 

3°.  It  may  indeed  be  staled  as  generally  true,  that  the  greater  propor- 
don  of  the  transported  materials  which  lie  upon  any  spot  has  been 
brought  only  a  comparatively  small  distance.  Thus  the  sands  and  gra- 
vels in,  the  cbonty  of  Durham — to  the  west  of  the  magnesian  lime- 
stone— consist  chiefly  of  the  ftagmeniB  of  the  coal  measures.  East  and 
Eouih  of  the  magnesian  lime-stone  escarpment  (diagram,  p.  271),  they 
become  mixed  with  rounded  ntiasses  of  this  lime-stone.  On  the  new- 
red  sand-stone  of  the  south-east  of  the  county,  they  consist  chiefly  of 
magnesian  lime-stone  mixed  with  fragments  of  the  red  sand-stone- — 
and  on  crossing  the  Tees,  the  debris  of  the  lias  bills  begins  io  appear 
among  them. 

In  countries,  therefore,  whfete  drifted  sands  and  gravels  prevail  on  the 
surface,  they  generally  consist  of  the  fragments  of  rocks  which  lie  at  no 
great  distance — generally  towards  the  higher  ground — ihe  natural  ten- 
dency being  for  the  debris  of  one  kind  of  rock,  or  of  one  formation,  to 
overUip  \Q  a  greater  or  iess  extent  the  surface  of  the  adjoining  rock  o" 


formation.  By  ibis  overlapping,  ilie  geographical  position  of  a  given 
soil  is  removed  to  a  greater  or  less  distance  beyond  the  line  indicated  by 
tile  geological  position  of  the  rocks  from  which  it  is  derived.     Thus,  a 


soil  may  overspread  part  of  the  magnesian  I 

ice  soil  may  partially  cover  ihc  lias,  and  Bo  on — the  gei 
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igled. 

4°.  To  this,  and  to  each  of  the  other  statements  above  made,  there  are 
many  local  exceptions.  For  instance,  wha.t  is  true  of  sands  and  gravels, 
will  uot  so  well  apply  to  the  line  mud  of  which  many  clays  are  formed. 
Ojice  commit  these  to  the  water,  and  if  it  has  any  motion,  they  may  be 
transported  to  very  great  distances  from  their  original  site.  Rivers, 
lakes,  and  seas,  are  me  agents  by  which  these  extensive  diffusions  are 
effected.  The  former  produce  what  are  called  alluvial  formations  or  de- 
posits; which  are  generally  ricli  in  all  the  inorganic  substances  that 
]ilants  rei|uire,  and  hence  yield  rich  returns  to  the  agricultural  labourer. 
They  ate  usually,  liowever,  dial ioguis bed,  and  their  boundaries  marked, 
by  the  geologist — so  that  the  soils  which  repose  upon  them  do  not  con- 
tradict any  of  the  general  deductions  he  is  prepared  to  draw,  in  regard  to 
the  general  agricultural  capabilities  of  a  country,  from  the  kind  of  rocks 
of  which  it  consists. 

Thus  though  the  occurrence  of  eutensive  fields  of  drift  over  various 
parts  of  almost  every  country,  does  tlirow  some  fiirther  difficulty  over 
the  researches  of  the  agricultural  geologist,  and  requires  from  liim  the 
application  of  greater  skill  and  caution  before  he  pronounce  with  cer- 
tainty in  regard  to  the  agricultural  capabilties  of  any  a|N)l  before  he  visit 
it — yet  it  neither  contradicts  the  general  deductions  of  the  geologist  nor 
the  special  conclusions  he  would  be  entitled  to  draw  in  regard  to  the 
ability  of  any  country,  when  rightly  cultivated,  to  maintain  in  comfort 
a  more  or  less  numerous  jwpuIatiOQ.  Thepolitical  economist  may  still, 
by  a  survey  of  the  geological  map  of  B  country,  pronounce  with  some 
confidence  to  what.degree  the  agticullural  riches  of  that  couniry  might 
by  iuduBtry  and  skill  be  brought — and  which  districts  of  an  entire  conti- 
nent are  fitted  by  nature  To  maint^n  the  most  abundant  population. 
The  intending  eio,ieranlma.y  still,  by  the  same  means,  say  in  what  new 
land  he  is  most  lltely  to  find  a  propitious  soil  on  which  to  expend  his 
labour — or  such  mineral  resources  as  will  best  aid  his  agricultural  pur- 
suits ; — while  a  careful  study  of  the  geological  map  of  his  own  country 
will  stili  enable  the  sliilful  and  adventurous /armer  to  determine  in  what 
counties  he  will  meet  with  soils  that  are  suited  to  that  kind  of  practice 
with  which  lie  is  most  familiar — or  which  are  likely  best  to  reward 
hlo)  for  (be  application  of  the  newest  and  most  approved  methods  of 

Still  there  are  some  aids  to  this  kind  of  knowledge  yet  wanting.  We 
have  geological  maps  of  all  our  counties,  in  which  the  boundaries  of  the 
several  rocky  formations  are  more  or  less  accurately  pointed  out,  and 
from  these  maps,  as  we  have  seen,  much  valuable  agricultural  informa- 
tion may  be  fairly  deduced.  We  have  also  a^cultural  maps  of  many 
couuties,  compiled  with  less  care,  andollen  with  the  aid  of  little  geolo- 
gical knowledge,  as  tlial  of  Durham  in  Bailey's  '  View  of  the  Agricul- 
ture of  the  County  of  Durham,'  published  in  1810.  But  agriculture 
uow  requires  geological  maps  of  her  own — which  shall  exhibit  not  only 
the  limits  of  rocky  formations,  but  also  the  nature  and  relative  extent 
of  the  superficial  deposits  (drifis),  on  which  the  soils  so  nfien  rest,  and 
from  which  they  are  not  uofrequenily  formed.     These  would  aSiird  n 
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sure  basis  on  which  to  real  our  opiuions  in  regard  lo  ilie  agricultural  ca- 
pabiliiies  of  iho  several  parts  of  a  cQuntj'  in  wliich,  ihougTi  the  roclis  are 
the  same,  the  soils  mayTie  very  different.  To  ihe  study  of  these  drifted 
maleriala,  in  conaectioa  with  the  action  of  ancient  glaciers  (p.  269),  the 
attention  of  geologists  is  at  present  much  directed,  and  from  their  labours 
agriculture  will  not  fail  to  reap  her  share  of  practical  henefit — the  geolo- 
gical survey,  also,  so  ably  superintended  by  Mr,  De  La  Beche,  is  col- 
lecting and  recording  much  valtiable  inlbrmatjon  in  regard  to  the  agri- 
uiiliural  geology  of  the  southern  counties — but  it  is  not  unworthythe  con- 
sideration of  our  leading  agricultural  societies-J-wheiher  soiiie  portion  of 
ihelr  encouragement  might  not  be  beneficially  directed  to  the  preparation 
ofagticuliuraf  maps,  whichsbould  represent,  by  different  colours,  the  agri- 
ciittural  capahililies  of  the  several  parts  of  each  county,  based  upon  a 
kn')wledge  of  the  soils  and  sub-soils  of  each  parish  or  township,  and  of 
the  rocks,  whether  near  ot  remote,  from  which  they  have  been  severally 
derived. 

8efare  leaving  this  subgect,  I  will  call  your  attention  to  one  practi- 
cal application  of  this  knowledge  of  the  eiieusive  prevalence  of  drills, 
which  is  not  without  its  value.  Being  acquainted  with  the  nature  of  the 
rocks  in  a  country,  and  with  its  phyacal  geography — that  is,  which  of 
these  rocks  form  the  hills,  and  which  the  valleys  or  plains — we  can  pre- 
dict, in  general,  that  the  materials  of  the  hills  will  be  strewed  toa  greater 
or  less  distance  over  tlie  lower  erounda,  and  that  these  lower  soils  wilt 
thus  be  more  or  less  altered  in  their  mineral  character.  And  wheu  the 
debris  of  the  hills  is  of  a  more  fertile  character  than  (hat  of  the  rocks 
which  form  the  plains,  that  the  soils  will  be  materially  improved  by  this 
covering; — the  soil  of  the  mill-stone  grii,  for  enample,  by  the  debris  of 
the  mountain  lime-slone,  or  of  a  decayed  green-stone  or  a  basalt.  On 
the  other  hand,  where  the  higher  rocks  are  more  unfruitful,  and  the  low 
lands  are  covered  with  sterile  drifted  sands  brought  down  from  the  more 
elevated  grounds — a  knowledge  of  the  nature  of  the  subjacent  rock  may 
at  once  suggest  the  means  of  ameliorating  and  improving  the  unpromis- 
ing surface-drltl.     Thus  the  loose  sand  of  Norfolk  is  ferlilized  by  the 


1  which 

tiling  grew  before,  Itave,  by  this  means,  been  made  to  prodm 

«  luxu- 

int  crops  of  every  kindofgrdn. 

§  6-   Q/"  tuperfieial  aeeumiilations  of  Peat. 

or  superficial  accumulations,  that  of  peal  is  one  which,  in  the  United 
Kingdom,  covers  a  very  large  area.  In  Ireland  alone,  the  extent  of  bog 
is  estimated  at  2,800,000  acres.  None  of  the  drilled  materials  we  have  con- 
sidered, therefore,  would  appear  so  likely  lo  falsify  the  predletbns  of  tlie 
geologist,  who  should  judge  of  the  soils  of  such  a  country  from  infonaa- 
tion  in  regard  m  the  rocks  alone  on  which  they  rest — from  a  geological 
map  for  example — as  the  occurrence  of  these  peat  bogs.  Yet  fliere  are 
certain  facts  connected  with  the  formation  of  peat,  which  place  him  in 
some  measure  on  his  guard  in  reference  even  to  accumulatiocs  of  vege- 
tabie  matter  such  as  these. 

1°.  There  is  a  certain  range  of  temtwratore  wifhin  which  alone  peat 
seems  capable  of  being  produced.  Thus,  at  the  level  of  the  sea,  it  is 
iifivfr  found  nearer  the  equator  than  between  the  40°  and  ■IS"  of  lauiudej  , 
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while  ita  liniit  towards  the  poles  appears  to  be  within  ihe  GOdi  degree. 
It  is  a  product,  therefore,  chiefly  of  ihe  temperate  regions. 

Still,  on  the  equator  itself,  at  a  sufficieDt  altitude  above  the  sea,  the 
temperature  may  be  cool  enough,  to  permit  the  growth  of  peat.  Hence, 
ihough  on  the  plains  of  Italy  no  peat  is  formed,  yet,  on  Uie  higher  Ap- 
penines,  it  maybe  here  and  ihere  met  with,  among  the  marshy  basins, 
and  on  the  undrained  mountain  sides. 

2".  The  occurrence  of  stagnant  water  is  necessary  for  tbe  production 
of  peat.  Hence,  on  impervious  beds  of  clay,  tbrough  which  the  rains 
and  springs  can  find  no  outlet,  the  formation  of  peat  may  Iw  expected. 
Thus  on  the  Oifbrd  clay  repose  the  fens  of  Lincoln,  Cambridge  and 
Huntingdon  (p.  945).  On  impervious  rocUs  also,  peat  bogs  form  for  a 
similar  reason.  The  new-red  sand-stone  is  occasionally  thus  impervi- 
ous, and  on  it,  amonp;  other  exam|ile3,  repose  ihe  Chat  moss,  the  tract  of 
peat,  mostly  in  cultivation,  which  lies  west  of  a  line  drawn  between 
Liverpool  and  Presioa,  and  the  large  extent  of  boggy  country  which 
Btretohes  round  the  head  of  the  Solway  Firth.  On  the  old  red  sand- 
stone, the  mountain  lime-stone,  the  slate,  and  the  granite  rocks,  much 
peal  occurs,  and  it  is  on  these  latter  formations  that  tlie  extensive  bogs  of 
Scotland  and  Ireland  chiefly  rest. 

But  though  these  two  facts  are  of  some  value  to  the  politician  and  to 
the  geologist  in  indicating  in  what  countries  and  on  what  formations  peal 
may  be  expected  to  occur,  yet  they  are  of  comparatively  liifle  impor- 
tance to  the  practical  agriculturist.  It  is  of  far  more  consequence  to 
him  that  the  moment  he  casts  his  eye  upon  the  face  of  a  country  he  can 
detect  the  presence  or  absence  of  peat — that  none  of  the  perplexities 
which  besei  the  nature  and  origin  of  other  superficial  accumulations  at- 
tach to  this — that  he  can,  at  once,  judge  both  of  its  source  and  of  itsagri- 
cnltural  capabilities.  'Though  produced  on  a  given  spot,  because  focks 
of  a  certain  character  exist  there,  yet  its  origin  is  always  the  same— its 
qualities  more  or  less  uniform, — the  improvement  of  which  is  susceptible 
in  soTie  measure  alike, — and  the  steps  by  which  that  improveraerii  is  to 
be  effected,  liable  to  variation,  chiefly  according  an  rhla  or  thai  amelio. 
rating  substance  can  be  most  readily  obtained. 
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LECTURE  XIII. 

Iw  the  two  pfeeeding  lectures  we  have  considered  the  gei 
tuiion  and  origin  of  soils,  and  iheir relation  to  the  geological  st 
tlie  country  in  wliich  they  are  found,  and  to  the  chemical  composition  of 
the  rocks  on  which  they  test.  We  have  also  discussed  some  of  the 
causes  of  those  remariiable  differences  which  soils  are  known  to  present 
in  their  reklions  to  practical  agriculture.  But  a  more  intimate  and  pre- 
cise acquaintance  with  the  chemical  constitution  of  soils  is  not  unfre- 
quently  necessary  to  a  complete  understanding  of  the  causes  of  these  dif- 
ierences — of  the  exact  effect  ■which  its  cheniical  constitution  has  oponihe 
fertility  of  a  soil — and  of  the  remedy  which  in  any  given  circumstances 
ought  to  be  applied. 

Some  persons  have  been  led  to  expect  loo  much  from  the  chemical 
analysis  of  a  soil,  as  if  tiiis  alone  were  necessary  at  once  to  explain  all  its 
qualities,  and  to  indicate  a  ready  method  of  imparting  to  it  every  desir- 
able quality, — while  others  have  as  far  depreciated  their  worth,  and  have 
pronounced  them  in  all  cases  to  be  more  curums  than  useful. — [Boussin- 
gault,  '  Annal.  de  Chim.  et  de  Phys.'  Ixvii.,  p.  9.1  The  truth  here,  as 
on  most  other  subjects,  lies  in  the  middle  between  these  extreme  opinions. 

If  you  have  followed  me  in  the  viewsl  have  eudeavgured  topressupon 
you  in  regard  to  the  necessity  of  inorganic  food  to  plants — which. food 
can  only  be  derived  from  the  soil,  and  which  must  vary  in  Uind  and 
quantity  with  the  species  of  crop  to  be  rtused, — you  will  at  once  perceive 
that  the  rigorous  analysis  of  a  soil  may  impart  most  valuable  knowledge 
'le  practical  man  in  the  form  of  useful  suggestions  for  its  improvement. 


without  their  value  to  the  prudent  man,  since  ihey  will  deter  him  Irom 
adding  lo  his  soil  what  he  knows  it  already  to  contdn,  and  will  set  him 
upon  the  search  after  some  more  economfcal  source  of  those  ingredients 
which  are  likely  to  benefit  it  most. 

It  will  be  proper,  therefore,  to  tun 
ration  of  the  exact  chemical  constitui 

§  1.   Of  the  exact  nature  of  ike  organic  constituents  of  soils,  and  of  the 

mode  of  separating  them. 
We  have  already  seen  in  Lecture  XI.,  p.  239,  that  all  soils  contain  a 
greater  or  Joss  admixture  of  organic— chiefly  vegetable— matter,  the 
ti)[al  amount  of  which  may  be  very  nearly  determined  by  burning  the 
dried  soil  at  a  red  heat  till  all  blackness  disappears  (p.  S33).  But  this 
vegetable  matter  consists  of  several  different  chemical  compounds,  the 
nature  and  relative  weights  of  which  it  is  occasionally  of  cc  " 

be  able  to  decerniine. 
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1°.  Humus. — The  general  name  ofbomusis  given  to  the  fine,  brown 
light  powder  which  imparts  their  richness  to  vegetable  moulds  and  gar- 
den soils.  It  is  formed  from  the  gradual  decomposition  of  vegeiabie 
matter,  exists  in  all  soils,  forms  the  substance  of  peat,  and  consists  of  a 
mixture  of  several  different  compounds  which  are  naturally  produced 
during  the  decay  of  the  different  parts  of  plants.  It  is  dislingtiished  into 
milii,  MUT,  and  coaly  humus. 

The  mil^  gives  a  brown  colour  to  water,  but  does  not  render  it  sour, 
gives  a  dark  brown  solution  wlien  boiled  with  carbonate  of  soda,  evolves 
ammonia  when  heated  with  caustic  potash  or  soda  or  with  slalied  lime, 
and  leaves  an  ash  when  burned  which  contains  lime  and  magnesia. 
The  sour  gives,  with  water,  a  brown  solution  of  a  more  or  less  sour 
taste,  [or  reddens  vegetable  blues — see  page  45.J  This  variety  is 
less  favourable  to  vegetation  than  the  former,  and  indicates  a  want  of 
lime  in  (he  soil.  The  coaly  humus  gives  little  colour  (o  water  or  to  a 
hot  solution  of  carbonate  of  soda,  leaves  an  ash  which  contains  Utile 
lime,  occurs  generally  on  the  surfaceof  very  sandy  soils,  and  is  very  uo- 
fruitfut.  It  is  greatly  ameliorated  by  the  addition  of  lime  or  wood 
ashes. 

9''.  Hiaaic  acid- — ^"When  a  fertile  soil  or  a  piece  of  dry  peat  is  boiled 
with  a  solution  of  the  common  carbonate  of  soda  of  the  shops,  a  brown 
solution,  more  or  less  dark,  is  obiained,  from  which,  when  diluted  muri- 
atic acid  (spirits  of  salt)  is  added  (ill  the  liquid  has  a  distinctly  sour 
taste,  brown  flocks  begin  to  fall     This  brown  flocky  matter  is  hwmic  acid. 

3°,  Vlmic  acid. — If,  instead  of  a  solution  of  carbonate  of  soda,  one 
of  caustic  ammonia,  (the  hartshorn  of  the  shops,)  be  digested  upon  ihe  soil 
or  peat  by  a  gentle  heal,  a  more  or  less  dark  brown  solution  is  obtained, 
■which,  on  the  addition  of  muriatic  acid,  gives  brown  flocks  as  before, 
but  which  now  consists  oC  uliitic  acid. 

These  (wo  acids  combine  with  hme,  magnesia,  alumina,  and  oxide  of 
iron,  forming  compounds  (salts)  which  are  respectively  distinguished  by 
the  names  of  kutnatea  aud  idmaies.  They  probably  both  exist,  ready 
formed,  in  the  soil  in  variable  proportions,  and  in  combination  with  one 
or  more  of  (he  earthy  substances  above  mentioned — lime,  alumina,  &c. 
They  are  produced  by  the  decay  of  vegetable  matter  in  the  soil,  which 
decay  is  materially  facilitated  by  the  presence  of  one  or  other  of  these 
substances,  aud  by  lime  especially — on  the  principle  that  the  formation 
of  acid  coni|>ounds  is  in  all  such  cases  much  pramoied  by  ihe  jiresence 
of  a  substance  wiih  which  that  acid  may  combine.  Tbey  predispose 
organic  substances  to  the  formation  of  such  acids,  and  consequently  to 
Ihe  decomposition  by  which  they  are  to  be  produced.  These  two  acids 
consist  respectively  of 

Carbon 63  57 

Hydrogen.     .....       6  4J- 

Osygen 31  381 
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has  very  property  objected  toiliU  opinion,*  that  they  are  m>  very  sparingly 
soluble  in  water  that  we  cannot  suppose  ihem  to  enter  directly  into  [he 
T)o  s — e\en  were  all  the  wafer  they  absorb  (o  be  saturated  witli  them — 
ID  suLh  (juantity  as  to  eootribule  in  a  great  degree  to  the  organic  matter 
contained  in  alnioot  any  crop.f 

We  have  indeed  seen  reason  (o  conclude  on  other  grounds,  that  only  a 
small  tbougii  a  variable,  proportion  of  the  carbon  of  plants  is  derived 
tmn  the  sod  yet  of  this  proporiion  a  certain  quantity  may  enter  hytha 
rools  ill  the  fornl  of  one  or  other  of  these  acids,  or  of  their  earthy  conl- 
pounis  They  are  readily  soluble  in  ammonia;  and  animal  manures 
whit-h  g  ve  off  this  compound  in  ihesoil  may  therefore  faciEiaie  their 
entrance  into  the  roots  of  ihose.  plants  which  are  culiivaled  by  the  aid  of 
such  raanurei  They  are  also  soluble  in  carbonate  of  potash  and  ear- 
honaie  of  soda  which  are  contained  in  wood  ashes  and  in  the  ash  of 
weeds  an  I  of  sods  which  are  pared  and  burned.  When  these  substan- 
cea  iherel  re  are  applied  to  the  land,  they  may  combine  with,  and, 
am  jna;  the  c  other  beneficial  modes  of  action,  rnay  serve  lo  introduce, 
the>ie  acids  in  larger  i^uandty  into  the  plant- 
When  exposed  to  the  air,  the  humaies  and  ulmaies  contained  in  the 
soil  undergo  deiram position,  give  off  carbonic  acid,  and  are  changed  into 
carbonates.  The  admission  of  air  into  the  soil  facilitates  this  decompo- 
sition, which  is  supposed  to  be  continuallygoing  forward — and  it  is  in  the 
form  of  this  gas  that  plants  are  considered  by  some  to  imbibe  Ihe  largest 
portion  t>f  that  carbon  for  which  ihey  are  indebted  to  the  soil. 

4°.  Crenic  and  Aproa-enk  acids. — When  ^ils  are  digested  or  washed 
with  hot  water,  aquantily  of  organic  matter  is  not  un frequently  dissolved, 
mihich  imparts  to  ihe  water  a  brownish  yellow  colour.  When  the  solu- 
tion is  evaporated  to  dryness,  there  remains  besides  the  soluble  saline 
substances  of  the  soil,  a  variable  portion  of  brown  extractive  looking 
mailer  also,  which  is  a  mixture  of  the  two  acids  here  named,  with  the 
ulmicand  humlc — all  in  combination  with  lime,  alumina,  and  other  bases. 
When  this  residue  is  dried  at  230°  F.,  the  two  latter  acids,  and  their 
compounds,  become  insoluble,  wliUe  the  crenates  and  apocrenales,  roore 
especially  the  former,  remain  soluble  in  water,  and  may  be  separated 
by  washing  with  this  liquid. 

These  acids  also  are  formed  in  the  soil  during  (he  decay  of  vegetable 
m,aiter.  They  are  distinguished  frora  the  two  previously  described  by 
coniaining  nilrogen  asan  essential  constituent,  and  by  forming  compounds 
with  lime.  Ice.,  which  are,  for  the  most  part,  readily  soluble  in  water. 
Hence  (bey  will  bolh  prove  more  nourishing  lo  plants — in  viriue  of  the 
nitrogen  they  contain — andiu  consequence  of  (heir  solubility,  will  be  able, 
where  (hey  exist,  to  enter  more  readily,  and  in  greater  abundance,  into 
Ihe  roots  titan  either  the  ulmic  or  the  hamic  acid. 

Owing  (o  this  solubility,  also,  they  are  more  readily  washed  out  of  the 
soil  by  the  rains,  and  hence  are  rarely  present  in  any  considerable  quan- 
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tily  in  specimens  of  soil  which  are  submitted  to  a     ly  Tl   y  are  fre- 

quently, however,  met  with  in  springs  and  in  th  d  am  gs  I  ha  land. 
They  have  even  been  found  in  minuie  quantity        a  is  pro- 

bable that  they  ascend  into  the  air  in  very  small  ]     p  w  (h  the 

watery  vapour  that  rises.  This  exhibits  an  1  f  m  h  fore,  in 
which  the  rains  raaj  minister  to  the  growth  of  pla  ts  (       p       36). 

Both  acids  form  insoluble  compounds  with  the  peroxide  of  iron — and 
hence  are  found  in  combination  with  many  of  the  ochrey  deposits  from 
ferruginous  springs,  and  wiih  (he  oxide  of  iron  by  which  so  many  soils 
are  coloured.  The  apocrenic  acid  has  also  a  peculiar  tendency  to  com- 
bine with  alumina,  with  which  it  forms  a  compound  insoluble  in  waier, 
and  in  this  stale  of  combination  it  probably  exists  not  un  frequently,  espe- 
cially in  clayey  soils. 

When  heated  with  newly  slaked  quiclt-lime  these  acids  give  off  am- 
monia and  carbonic  acid.  By  the  action  of  the  air,  and  of  lime  in  the 
soil,  they  are  probably  decomposed  in  a  similar  manner,  though  witli 
much  less  rapidity. 

5°.  Ma^esotts  add  is  anotlier  dark  brown  acid  substance,  which  is  also 
produced  naturally  in  the  soil.  It  resembles  the  apocrenic,  in  having 
a  strong  tendency  to  combine  with  alumina.  In  union  with  this  acid  it 
is  slowly  washed  out  of  the  soil  by  the  rains,  or  filters  through  it  when 
the  water  can  find  an  outlet  beneath.  This  is  seen  lo  be  the  case  in  some 
of  (he  caves  on  the  Cornish  coast,  where  the  waters  that  trickle  through 
from  above  have  gradually  deposited  on  their  roof  and  sides  a  thick  in- 
crustation of  mudesite  of  aUtmina.] 

Besides  these  acids,  it  is  Itnown  that  the  malic  and  the  acetic  (vine- 


gpus  compounds  are  likewise  formed — which  are  more  or  less  soluble  in 
water,  and  more  or  less  S.ited  to  aid  in  the  nourishment  of  plants.  There 
is  every  reason  to  believe,  indeed,  that  organic  substances  in  the  soil  pu.ss 
through  many  succesavestages  of  decomposition,  at  each  of  which  they 
assume  new  properties,  and  become  more  or  less  capable  of  aiding  in 
the  suppon  of  living  races^  The  subject  is  difficult  to  investigate,  he- 
cause  of  the  obstacles  which  lie  in  (he  way  of  exactly  separating  from 
each  other  the  small  quantities  of  the  different  organic  compounds  that 
occur  mixed  up  together  in  the. soil.  But  it  seems  quite  clear,  that  while 
some  s£ricu!iiiral  chemists  have  erred  in  describing  the  ulmic  and  liu- 
mlc  acids  as  the  vamediaU  source  of  a  large  portion  of  (he  carbon  of 
plants,  others  have  no  less  mis3(aied — as  I  apprehend — the  true  course 
of  nature,  who  deny  any  direct  influence  to  these  and  other  substances 
of  vegetable  origin,  and  limit  their  use  in  ihe  soil  to  the  supply  of  car- 
bonic acid  only,  which,  oil  their  ultimate  decomposition,  they  arc  capa- 
ble of  yielding  to  the  roots.  The  resources  of  vegetable  life  are  not  so 
limited;  but  as  the  human  stomach  can,  and  does,  on  occasion,  convert 
into  nourishment  many  different  compounds  of  the  same  elements, — ko, 
no  doubt,  many  of  those  organic  compounds  which  are  produced  in  the 
soil,  or  in  fermenting  manure  during  the  decay  of  animal  and  vegetable 
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bocliea, — when  once  admitted,  in  consequence  of  their  solubility,  into  the 
circulating  system  of  plants, — are  convened  into  portions  of  their  sub- 
stance, and  really  do  minister  to  their  Datursl  growth. 
.  Separation  of  ihise  Organic  Constituents. — 1°.  When  on  washing 
with  hot  water  a  soil  imparts  a  colour  to  the  solution,  the  liquid  must  be 
filtered  and  evaporated,  to  perfect  dryness.  On  treating  with  water 
what  remains  after  the  evaporation,  ihe  humic  acid  and  hnmates  remain 
insoluble,  while  the  crenie  and  apoerenic  acids  are  taken  up  hy  the  wa- 
ter along  wilh  tbe  soluble  saline  malter  which  the  soil  may  have  con- 
tained. By  evaporating  this  second  solution  to  perfect  dryness,  weigh- 
ing the  residue,  apd  then  heatiug  it  to  dull  redness  in  the  air,  the  loss 
will  indicate  something  more  than  the  quantity  of  these  acids  present  in 
the  soil.  By  burning  the  dried  insoluble  matter,  also,  the  quantity  of 
humic  acid  present  in  it  may  in  like  manner  be  determined. 

2°.  After  being  washed  with  pure  water,  the  mil  is  to  be  boiled  with 
a  solution  of  carbonate  of  soda,  repeated  once  or  twice  as  long  as  a  brown 
solution,  more  or  less  dark,  is  obtained.  Being  filtered,  and  then  ren- 
dered sour  by  muriatic  acid,  brown  flocks  fall,  which  being  collected  on 
the  filter,  perfectly  dried  and  weighed,  gi*e  the  quantity  of  humie  add 
in  the  soil.  As  this  dry  humic  acid  generally  contains  some  earthy 
matter,  it  is  more  correct  to  born  it,  and  to  deduct  the  weight  of  the  ash 
which  may  be  left. 

3°.  The  insoluble  (coaly)  humus  still  remains  in  the  soil.  On  boilins; 
it  now  in  a  solution  of  caustic  potash  for  a  length  of  time,  and  till  a  fresh 
solution  ceases  to  become  brown,  tlie  coaly  humus  is  entire  lydissolved — 
being  converted  according  to  Sprengel  into  humic  acid.  The  addition 
of  muriatic  acid  to  this  solution,  till  it  has  a  sour  taste,  throws  down  the 
humic  acid  in  the  form  of  brown  flocks,  which  may  be  collected,  dried, 
and  weighed  as  before, 

4°.  If  there  be  any  mudesite  of  alumina  in  (he  soil,  it  is  also  dis- 
solved by  ihe  potash,  but  is  not  thrown  down  when  the  solution  is  ren- 
dered sour  by  muriatic  acid.  The  entire  weight  of  orgnoic  matter  in  the 
soil  being  therefore  determined  by  burning  it  in  the  air,  after  being 
perfectly  dried,  the  difference  between  this  weight  and  the  sum  of  those 
of  the  humic  acid  and  insoluble  humus  will  be  the  proportion  of  the 
other  acids  present.  Thus,  if,  by  burning  in  the  air,  the  soil  lose  6  per 
cent.,  and  give  2  per  cent,  of  humic  acid,  and  2  of  insoluble  humus,  there 
remain  2  percent,  for  other  organic  substances  in  the  soil, 

In  generai,  it  is  considered  sufficient  to  ascertain  only  the  whole  loss 
hy  burning,  and  the  quantity  taken  up  by  tjarbonate  of  soda,  the  propor- 
tion of  the  oier  substances  present  beingHn  rnost  cases  so  small  an  ">  be 
capable  of  being  precisely  estimated  by  great  precautions  only. 

§  2.   On  the  exact  chemical  constitution  of  Ihe  earthy  part  of  the  soil. 

In  reference  to  the  general  origin  of  soils — to  their  geological  rela- 
tions— and  to  the  simplest  mode  of  classifying  them, — I  have  shown  you 
that  the  earthy  part  of  nearly  all  soils  consists  essentially  of  sand,  cfav, 
and  lime  (p.  930).  But  in  reference  to  their  chemical  relations  to  the 
plants  which  grow,  or  may  be  made  to  grow,  upon  ihem,  it  is  necessary. 
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constifution.  This  will  appear  by  referring  lo  three  important  princi- 
ples established  in  the  preceding  ^ciures. 

1°  That  the  ash  of  ulants  generally  contains  a  certain  sensible  pro- 
port  on  of  (en  or  twelve  different  inorganic  substances  (pp.  216  to  221). 

2°  Tiiat  they  can,  in  general,  only  derive  these  substances  from  the 
so  I  wl  ch  must,  (hereibre,  contain  them  (p.  181).     And — 

3°  That  ihe  fertility  of  a  anil  depends,  among  other  circumalaneea, 
upon  ts  ability  lo  supply  readily  and  in  suflicieiit  abundance  all  the  in- 
organic subsianees  which  a  given  crap  requires  (p.  228.) 

No  tl  e  quantity  of  some  of  these  substances  which  is  necessary  to 
plants  s  so  very  small,  that  nothing  but  a  refined  analysis  of  a  soil  is 
capable  n  many  cases,  of  deierminin^  whether  ihey  are  present  in  ii  or 
not —  nuch  less  of  explaining  to  what  its  peculiar  aefects  or  excellencies 
may  be  o  ving — what  ought  w  be  added  to  it  in  order  lo  render  it  more 
produc  ve — or  why  certain  rem  ark  able  effects  are  produced  upon  it  by 
the  addition  of  mineral  or  animal  manures. 

Thus,  for  exampie,  half  a  grain  of  gypsum  in  a  pound  of  soil  indicates 
(he  preseoceof  nearly  two  cwt.  in  an  acre,  where  the  soil  is  a  foot  deep, — 
a  quantity  much  greater  than  need  be  added  lo  a  soil  in  whicii  gypauni 
is  almost  entirely  wanting,  in  order  lo  produce  a  remarkable  luxuriance 
in  the  red  clover  crop.  In  100  grains  of  the  soil,  this  quantity  of  gyp- 
sum amounts  only  to  seven -thou  sandths  of  a  grain — (tubs'  *"'  0'007 
firs.) — a  proporlion  which  only  a  very  carefully  conducted  analysis 
would  be  able  to  detecl,  and  yet  the  deteciing  of  which  may  alone  be  able 
(o  explain  ihe  unlike  eifects  wliich  are  seen  to  follow  ihe  applieaiiou  of 
gypsum  to  diSerent  soils. 

Again,  the  phosphoric  acid  is  a  no  less  necessary  constituent  of  the 
soil  ihan  the  sulphuric  acid  contained  in  Ey])suiii.  This  acid  is  gener- 
ally in  combination  either  wilh  lime,  with,  oxide  of  iron,  or  with  alu- 
mina— and,  as  it  is  much  more  difficult  even  to  detect  than  the  sulphuric 
acid,  requires  more  care  and  sliiH  to  determine  its  ((uantity  with  any 
degree  of  accuracy, — and  is  generally  present  even  in  fertile  soils  in  a 
Riill  smaller  propordon — it  is  obvious  tnat  safe  and  useful  conclusions  can 
be  drawn  only  from  such  analyses  as  have  been  made  rignrously,  accord- 
ing to  the  best  methods,  and  with  (he  greatest  attention  lo  accuracy. 

There  are  cases,  no  doubt,  where  a  rough  analysis  may  be  of  use, 
where  the  cause  of  peculiarity  is  at  once  so  obvious  that  furiher  research 
is  unnecessary — as  where  mere  washing  wilh  water  dissolves  out  a 
noxious  eubsiance,  such  as  sulphate  of  iron  (green  vitriol).  But  such 
cases  are  comparatively  rare,  and  it  more  frei|uenlly  happens,  (hal  the 
cause  of  the  special  qualities  of-a  soil  only  begins  to  manifest  itself  when 
a  carefully  conducted  analysis  approaches  to  its  close.  I  shall,  therefore, 
brleBy  describe  to  you  the  methods  lo  be  adopted,  in  order  to  arrive  at 
these  more  accurate  experimental  results.  [As  these  methods  of  analysis 
involve  considerable  detail,  I  have  transferred  them  to  the  Apnendix.— 
See  Appendix,  p.  25.] 
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But  the  importance  of  this  attentiott  to  rigorous  analysis  will  more 
clearly  appear,  if  I  exhibit  to  you  the  conslitudon  of  a  few  of  the  nume- 
rous soils  analyzed  by  Sprengel,  in  cocneciion  with  the  agricultural  quali- 
ties and  capabilities  by  which  ihey  are  severally  distinguished. 

The  Ibllowing  analyses  are  selected  from  a  much  greater  number  made 
by  Spreiigel,  and  embodied  in  his  work  on  soils,  "  Die  Bodenkunde," 


Soils  are  fertile  which  contain  a  sufficient  supply  of  all  the  mineral 
constituents  which  the  plants  to  be  grown  upoa  tUem  are  likely  to  re- 

1°.  Faslure.— The  following  numbers  exhibit  the  constitution  of  (ho 
surface  soil  in  three  fertile  alluvial  districts  of  Hanover,  where  the  land 
has  been  long  in  pasture. 


Silica,  Quartz,  Sand,  and  Silicates.  84-510 

Alumina 6-435 

Oxides  of  Iron 9-395 

Oxide  of  Manganese     ....      C-450 

Lime 0-740 

Magnesia O'SaS 

Potash  and  Soda  extracted  by  water  0-009 

Phosphoric  Acid 0-120 

Sulphuric  Acid        0-046 

Chlorine  in  common  Salt       .     .       0-006 

Humic  Acid 0-780 

Insoluble  Humus  ....  2-995 
Organic  matters  containing  Nitrogen  0'960 
Water       0-029 


These  soils  had  all  been  long  in  pasture,  ll 
brated  for  fattening  cattle  when  under  grass.  It  will  be  observed  that  in 
iione  of  them  is  any  of  the  mineral  ingredients  wholly  wanting,  though 
in  all  the  quantity  of  potash  and  soda  capable  of  being  extracted  by 
water  is  very  small.  This  is  ascribed  to  the  fact  of  their  having  been 
long  ia  pasture,  during  which  the  supply  of  these  substances  is  gradually 
withdrawn  by  the  roots  of  the  grasses.  It  is  well  known  how,  in  our  or- 
dinary soils,  grass  is  often  renovated — how  the  mosses,  especially,  are  de- 
stroyed— by  a  dressing  of  wood  ashes,  whichowe  their  effect  to  the  alkali 
[hey  contain.  In  the  above  soils  the  gradual  decomposition  of  the  sili- 
cates would  continue  to  supply  a  certain  portion  of  alkaline  matter  for  an 
indefiaite  period  of  time. 

You  will  perceive  that  the  soil  which  is  the  most  celebrated  for  ils/a(- 
tening  power,  is  also  the  richest  in  alumina,  litne,  phosphoric  acid,  sul- 
phuric acid,  and  vegetable  matter. 
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2".  Ayahk. — The  following  table  exhibits  the 
soils,  celebtaied  fot  yielding  suceeasive  cropa  of  co 
without  juanuie. 


Ohio  Notlh  Amert. 


Silica  and  fioe  Sand      .    77-309 

87-143 

94-261 

64-517 

Alumina     .          ...     8-514 

1-376 

4-810 

Oxides  of  Iron      .     .     .     6-592 

2-230 

2-336 

8-316 

Oxiiie  of  Magnesia  .     .     1-520 

0-360 

1-200 

0-800 

Lime 0-937 

0-564 

0-343 

*i"m°'^  9-403 

Magnesia 1-160 

0-312 

0-310 

^M^i°''l0-361 

Potash  chiefly  combined 

with  Silica  ....     0-140 

0-120  } 

0-240 

J  0-100 

Soda,  ditto       ....    0-640 

0-025  S 

)  0-013 

with  Lime  and  Oxide  of 

Iron     ......    0-651 

0-060 

1-221 

Sulphuric  Acid  in  gypsum  0-011 

0-027 

0-034 

0-009 

Chlorine  in  common  salt.   O'OIO 

0-036 

0-003 

Carbonic  Acid  united  to  the 

Lime — 

0.080 

Humic  Acid       ....  0-978 

1.304 

0-447 

Insoluble  Humus  .     .     .  0-540 

1.072 

Organic   substances   con- 

taining Nitrogen               1-J08 

1011 

— 

— 

100  100  100  100 

Of  these  soils,  the  first  had  been  cropped  for  160  years  successively, 
without  either  manure  or  naked  fallow.  The  second  was  a  virgin  soil, 
celebraied  for  its  fertility.  The  third  had  been  unmaimred  for  twelve 
years,  duruig  the  last  nice  of  which  it  had  been  ciopped  with  beans 
— barley — potatoes — winter  barley  and  red  clover — clover— winter  bar- 
ley— wheat — oats — naked  fallow. 

Though  the  above  strils  differ  considerably,  as  you  see,  in  the  propor- 
tions of  some  of  the  constituents,  yet  they  all  agree  in  this — that  they  are 
not  de^iuteof  any  one  of  the  mineral  compounds,  which  plants  necessa- 
rily require  in  sensible  quantity.  You  will  also  observe  how  compara- 
tively small  a  proportion  of  vegetable  matter,  less  than  half  a  per  cent., 
is  (Nintained  in  the  fertile  Belgian  soil — a  fact  to  -which  I  shall  by-and- 
by  recall  your  attention. 

3°.  Soils  which  haw.  a  natural  source  of  fertility. — Some  soils,  which 
by  their  constitution  are  not  fitted  (o  exhibit  any  great  degree  of  fertility, 
or  for  a  very  long  period,  are  yet,  by  springs  or  otherwise,  so  constantly 
supplied  with  soluble  saline,  and  other  substaBces,  as  to  enable  ihem  to 
yield  a  succession  of  crops,  without  manure,  and  without  apparent  dete- 
.., — .^        Such  is  the  case  with  the  following  soil  from  near  Rothen- 


eldo,  in  Osnabrucli,  which  gives  excellent  crops,  though  manured  ouly 

mce  in  10  or  12  years. 

Silica  and  coarse  Quartz  Sand      ....  86'200 

Aliiraina         S'OOO 

Oxides  of  Iron  and  a  litlle  Phosphoric  Acid  .  2'900 

Oxide  of  Manganese 0-100 

Carbonate  and  aUttle  Phosphate  of  Lime    ,  4-160 

Carbonate  of  Magnesia 0-520 

Polasli  and  Soda 0-035 

Piiosplsoric  Acid 0-030 

Sulphuric  Acid 0-021 

Chlorine 0-niO 

Humic  Acid 0-544 

Insoluble  Humus 3-370 

Organic  matter  containing  Nitrogen     .     .     .  0-120 

100 
Vou  will  see  that,  although  in  this  soil  all  the  inorganic  suhsiances  are 
really  present,  yet  the  potash  and  soda,  the  phosphoric  and  solphurie 
acids,  and  the  chlorine,  are  not  in  such  abundance  as  to  justiiy  us  in  ex- 
pecting it  to  grow  any  long  succesa.on  of  crops,  without  exnibiting  ike 
usual  evidetices  of  exhaustion.  But  it  lies  on  the  sideof  ahill  which  con- 
tains layers  of  lime-stone  and  marl,  through  which  the  surface  waters 
find  their  way.  These  waters  afterwards  rise  inm  the  soil  of  ihefieid, 
im.T)regnated  with  ihosp  various  sutsiances  of  which  the  soil  is  in  want, 
and  thus,  by  a  natural  manuring,  keep  up  a  constant  supply  for  each  suc- 
ceeding Crop. 

This  example  is  deserving  of  your  particular  attention,  inasmuch  as 
ihp.re  -are  many  soils;  in  climates  such  as  ours,  which  are  yearly  refresh- 
ed from  a  similar  source.  Few  spring  -waters  rise  to  the  surface  which 
are  not  fined  to  impart  to  the  soil  some  valuable  ingredient,  and  which,  if 
om[jloyed  for  the  purposes  of  irrigation,  wnuld  not  materially  benefit 
those  lands  especially  on.  which,. our. pasture  grasses  grow.  The  same 
oiay,  also  be  said  of  the  waters  which. are  carried  off  in  some  places  so 
copiously  by  drains.  Whether  these  waters  rise  from  beneath  in  springs, 
or.  Tailing  in  rain,  afterwards  sink  through  the  soil,  tliey  in  either  case 
carry  inttj  the  brooks  and  rivers  much  soluble  matter,  which  the  plants 
would  gladly  extract  from  them.  On  sloping  grounds  it  would  be  a 
[traisewonhy  econopiy  to  arrest  these -waters,  and,  before  they  escape, 
u>  employ  them  in  irrigation. 

The  fact  that  nature  thus  on  many  spots  brings  up  from  beneath,  or 
down  from  the  higher  grounds,  continual  accessions  of  new  soluble  mat- 
ter to  the  soil,  will  serve  to  explain  many  apparent  anomalies,  and  to  ac- 
count for  the  continued  presence  of  certain  substances  in  small  quantity, 
although  year  by  year  portions  of  ihem  are  carried  off  the  land  in  the 
i^ps  that  are  reaped,  whlJe  no-return  is  made  in  the  shape  of  artificial 
i^^nor?.  It  will  also  ia.  some  instances  account  for  the  fact  (hal,  after  a 
liaiil  .cropping,  prolonged  until  the  soil  has  become  exhausted,  a  few- 
years'  rest  will  completely  re-invigorate  it,   and  render  it  fic  to  yield 
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'    Soil. 

Siibeoil-' 

BnbsoiL. 

94-724 

97-340 

30-035 

1-638 

0-806 

1-976 

1-960 

J  1-136 

5-815 

i  0075 

0-240 

1-028 

0-296 

0-022 

0-095 

0-115 

0-077 

0-112 

0  300 

adverted  to,  this  recovery  may  be  effected  in  a  much  shorter  period 
of  time. 

4".  Importance  ofdejih  and  unifoTTmly  of  soil  — If  the  aurface  soil  be 
of  a  fertile  quality  ample  rediros  wili  be  sure  from  many  euliivaied 
cmpa.  But  where  Ibe  subsoil  is  similar  in  composition  to  thai  of  the 
surface — not  only  may  the  feriUity  of  the  land  be  considered  as  almost 
inexhaustible,  but  those  crops  also  which  send  their  roots  far  down  will 
be  able  permanently  to  flourish  in  it.  This  fact  is  illuslraled  by  (he 
composition  of  the  folbwing  soils  from  the  neighbourhood  of  Bruns- 

1.  2. 


Silica  and  fine  Quartz  Sand 

Alumina 

Oxides  of  Iron      .... 
Oxides  of  Manganese     ■     ■ 

Magnesia 

Potash  and  Soda  .... 

Phosphoric  Acid 0034  0-015  0-098 

Sulphuric  Acid 0-010  trace  1-399 

Chlorine 0-027  trace  trace 

HuniicAcid 0-302  0-135  — 

Insoluble   Humus       ....  0-210  —  — 

100  100  500 

The  first  of  these  soils  produced  excellent  crops  of  all  deep-rooled 
piants-^lucerne,  sainfoin  (esparsette),  hemp,  carrots,  poppies,  &c. — and 
■with  the  aid  of  gypsum,  red  clover,  and  leguminous  plants  (vetches, 
peas,  and  beans),  in  great  luxuriance.  The  former  of  these  facts  is  ex- 
plained by  the  great  similarity  in  eonstiludon  which  exists  between  ilie 
surface  and  the  under  soils.  To  deep-rooted  plauts  also  the  magnesia, 
in  which  the  surface  iedeficient.iscapableof  being  supplied  by  the  undei 
soil.  The  effect  of  the  gypsum  is  accounted  for  by  the  almost  total  ab- 
sence of  sulphuric  acid  in  the  subsoil,  but  which  the  application  of  gyp- 
sum has  introduced  into  the  upper  soil. 

The  second  soil  was  taken  from  a  field  in  which  sainfoin  died  regu- 
larly in  the  second  or  third  year  after  it  was  planted.  This  was  naturally 
allnbuted  to  something  in  the  subsoil.  And  by  the  analyses  above 
given,  it  was  found  to  contain  much  sulphuric  acid  in  combination  with 
oxide  of  iron,  forming,  sulphate  of  iron  (green  vitriol).  This  sail  being 
noxious  to  plants,  began  to  act  upon  the  crop  of  sainfoin  as  soon  as  the 
roots  had  gone  so  deep  as  to  draw  sufficient  supplies  from  the  subsoil, 
and  it  thus  gradually  poisoned  them,  so  that  they  died  out  in  two  or  thtce 
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Soiis  arc  unfruiiful  or  allngeiher  barren,  either  wlieo  ihey  contain  too 
111  lie  of  (iticor  more  ofllie  iiiDrgaiiiu  consliluems  of  plants,  or  when  some 
sul)sl;mce  is  ]iresen<  in  ihem  in  sueli  quantity  as  lu  beciinie  hurtt'Ltl  or 
[luisiitious^Iii  vegetuiiuo.  Tbs  preseEce  of  sulphate  ofiroii  in  llie  Eubsuil 
just  clesi;rilie.d  is  ao  illustration  of  the  latier  fact.  In  what  way  the  defi- 
ciency of  certain  suWanttes  really  Joes  af1i:t:i  tlie  agricultural  cDiiabilllles 
of  tlie  soil  will  appear  frnm  llie  Ibllnwing  analyses  ; — 

1.  2.  3.  4. 


Silica  and  ftuactz  Sand  .    .  WSTK— 35190 

Alumina 1050—  2620 

Glides  of  Iron O'SSS—  1-460 

Oxide  ofHanganese  .     .    .  trace—  0-048 

Lime do.—  0336 

Magnesia 0013—  0-125 

Potash trace—  0073 

Soda do,  —  0- 190 

Phosphoric  Add    ....  do.        0034 

Sulphuric  Acid do.        0030 

Carbonic  Acid —            — 

Chlorine trace —  0015 

Huraic  Acid 11!)!0—    — 

Insoluble  Humus  ,    .    .     ,  10-200—    — 

Watei- —           — 
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Each  of  these  analysei 

1°.  Thai  ihetarrenneaa  of  the  iiioor-tatid  soils  (1  ai](l  2J  is  lo  ue  ac- 
tribuled  lo  their  deficiency  in  the  ouiuerous  suhaianpes  ol  which  ihey 
contain  only  traces,  may  almnsl.  be  said  to  be  proveit  by  the  facl — uui' 
Inng  recognised  and  acknowledged  on  maoy  of  our  own  monr-lands  and 
peaty  soils — that  when  dressed  wilh  a  covering  of  the  subsoil  ihey  be- 
came capable  of  successful  culilvallon.  Tbe  analysis  of  the  finhsoil  in 
the  second  column  shows  that  it  contains  all  thoit  mineroL  conelituenU  in 
ichick  the  soil  itself  is  deficient — and  to  the  efteet  of  these,  therefore,  tlw 
imiirovement  produced  upon  the  soil  by  bringing  it  to  the  surface  is  alto- 
gether lo  be  atlribnted. 

2°.  The  saiitiy  soil,  No.  3,  is  evidently  barren  for  ihe  same  renson  as 
the  moorland  soils,  1  and  2.  The  soil  No.  4  rests  on  llme-sione,  and 
was  mixed  with  7  percent,  of  lime-stone  gravel,  and  contoins  a  great 
number  of  the  substances  which  plants  require — but  Its  unftuii  fulness  is 
to  be  ascribed  In  the  want  of  potash  and  soda,  of  sulphuric  acid  and  of 
chlorine.  Wood  ashes  and  a  mixture  of  common  salt  wiih  gypsum  o( 
sulphate  nfsfxJa,  would  probahly  have  remedied  these  defects. 

3°.  AmoDg  the  feriile  soils  to  which  I  recently  directed  yoiir  attention 
(p.   284)  was  one  from  Belgium,  in  whlcli  ihe  pro|K)ttion  of  organic 
matter  was  less  than  half  a  per  cent,  of  its  whole  weight.     In  the^above     . 
table,  on  the  other  hand,  we  have  two  nearly  ^bairen  soil8isO(n]ntili)^*^IC 


each  11  per  cent  of  hurnic  acid,  'besides  a  mucb  larger  proportion  of  in- 
soluble organic  maUer.  It  is  obvious,  therefore,  thai  the  fertility  of  a 
soil  is  not  dependent  upon  ita  containing  (his  or  that  proportion  of  vege- 
table matter,  either  in  a  soluble  or  an  insoluble  form.  It  is  cerrai-iily 
true  that  many  very  fertile  soils  do  contain  a  considerable  quantily  of 
organic  matter,  in  a  form  in  which  it  may  readily  j-ield  nourishment  to 
the  roots  of  plants.  Yet  such  soils  are  not  fertile  merely  in  conseqtieiito 
of  the  presence  of  this  organic  mailer,  as  a  source  of  organic  food  to  ilie 
plant.  It  may  be  present,  and  yet  the  soils,  like  those  above- in entioneil, 
may  remain  barren.  Where  soils  become  fertile  apparently  by  ihe 
long  accumulation  of  such  vegetable  matter  in  the  soil,  it  is  not  merely 
because  of  the  increase  of  purely  organic  substances,  such  as  the  huniic 
and  ulmic  acids,  but,  because,  as  I  have  alrendy  had  occasioo  to  mention 
to  you,  the  decaying  vegetable  matter  which  produces  them  conloins 
also,  snd  yields  to  the  soil,  &  considerable  abundance  of  some  of  those 
inorganic  substances  which  planls  necessarily  reijuire.  The  organic 
matter  is  an  indication  of  their  presence  in  such  soils.  But  they  may 
be  presenr without  the  organic  matter.  They  may  either  be  duly  pro- 
pDrtioned  in  the  soil  l>y  nature— or  ihey  may  be  artificially  mixed  with 
It,  and  then  this  use  of  the  organic  matter  may  be  dispensed  with.  It  is 
of  more  importance  to  bear  this  in  mind,  because  not  only  vegetable 
physiologists,  but  some  zealous  chemists  also,  have  laid  great  stress  u|)on 
the  quantity  of  soluble  and  insoluble  organic  matter  contained  in  a  soil, 
and  have  been  led  m  consider  it  as  a  safe  indes  of  the  relative  fertility 
of  diSerent  soils. 

The  history  of  science-shows,  by  many  examples,  thai  those  men 
who  adopt  extreme  views, — who  attempt  to  explain  all  phenomena  of  it 
given  kind,  by  reference  to  a  single  specific  cause — have  ever  been  of 
very  great  use  in  the  advancement  of  certain  knowledge.  Their  argu- 
ments, whether  well  or  ill  founded,  lead  to  discussion,  to  further  investi- 
gation, to  (he  discovery  of  exceptional  cases,  and,  finally,  to  the  generel 
adoption  of  modified  views  which  recognise  the  action  of  each  special 
cause  in  certain  special  cases,  but  all  in  subordination  to  some  more  ge- 
neral principle. 

Thus,  if  some  ascribe  the  fertility  of  the  soil  (o  the  presence  of  the 
alkalies  in  great  abundance,  others  to  that  of  the  phosphates,  others  to 
that  of  lime,  others  to  that  of  alumina,  and  others,  finally,  lo  that  of  ve- 
getable matter  in  a  soluble  state — all  these  ejiireme  opinions  are  recon- 
ciled, and  their  partial  truths  recognised,  in  one  general  principle,  that 
a  soil  to  he  fertile  must  contain  all  tlie  subslcmces  which  the  plajtt  we  de- 
sire lo  grow  can  only  obtain  Jrom  ihe  soilf  and  in  svch  abundance  as 
readily  lo  sitpply  all  its  wants ;  while  at  the  same  Ume  it  must  contain 
nothing  hurtful  to  vegetable  life. 


On  the  principle  above  slated  depends  in  very  many  cases  the  mode 
of  improving  soils  by  the  addition  of  mineral  substances,  as  well  as  the 
method  of  explaining  the  remarkable  effects  occasionally  pcoduced  by 
their  mixture  with  the  land.  The  following  analyses  will  place  this 
matter  in  a  clearer  light : — 
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1. 

2. 

3. 

4. 

fighijllel,  on 

neWeser, 

Silica  and  Quartz  Sand      . 

93-720 

92014 

90-221 

95-698 

Alumina             .         .         . 

1-740 

2-653 

2-106 

0-504 

Oxide  of  IroD     . 

2-060 

3-192 

3'951 

2-496 

Oxide  of  Manganese  . 

0-320 

0-480 

0-960 

trace 

Lime         .         .         .         . 

o-:9i 

0-243 

0-539 

0-038 

Magnesia  .... 

0-700 

0-700 

0-730 

0-147 

Potash  {chiefly  in  combina- 

tion with  Silica)      . 

0-062 

0-125 

0-066 ; 

0-090 

Soda     (do.) 

0-109 

0-036 

0-010  s 

Phoaphoric  Acid 

0-103 

0  076 

0-367 

0164 

Sulphuric  Aeld 

0-005 

0-007 

Chlorine  in  common  Salt   . 

0050 

0-010 

o-ont 

HumicAcid       . 

0-H90 

0-340 

0-900 

0-626 

Other  Organic  matter 

0-120 

0-150 

0-140 

0-220 

100 


100 


The  first  of  these  soils  produces  naturally  beautifvl  red  clover — the 
second  produces  very  bad  red  clover.  On  comparing  the  constitution  of 
the  two  soils,  we  see  the  second  to  be  deficient  in  sulphuric  acid  and 
chlorine.  A  dreasing  of  gypsum.and  common  salt  would  supply  these 
deficienciBs,  and  render  ii  capable  of  producing  this  kind  of  ebver.  The 
third  soil  is  remarkable  for  growing  luxuriant  crops  of  pulse,  when  ma- 
nored  -with  gypsum.  The  almost  total  absence  of  sulphuric  acid  ex- 
plains this  effect.  The  fourth  soil  was  greatly  improved  by  soap-boiler's 
ash,  which  supplied  it  with  lime,  magne^a,  manganese,  and  other  sub' 


I  need  not  further  multiply  examples- to  show  you  how  much  real 
Itnowledge  is  to  be  derived  from  a  rigidly  accurate  analysis,  not  only  in 
regard  to  the  agricultural  eapabiliries  of  a  soil,  but  also  in  regard  to  the 
natural  and  necessary  food  of  plants,  and  to  the  manner  in  which 
mineral  manures  act  in  promoting  and  increasing  their  growth.  The 
illustrations  I  have  already  presented  will  satisfy  you — 

1°.  That  a  fertile  soil  must  contain  all  the  inorganic  constituenta  which 
(he  plant  requires,  and  nooe  that  are  likely  to  do  it  an  injury. 

9°.  That  if  dae  addition  of  a  given  manure  (o  the  soil  render  it  more 
futile — it  is  because  the  soil  was  defective  in  one  or  more  of  those  sub- 
stances which  the  manure  contained. 

3°.  That  if  agiven  application  to  the  land  fail  to  improve  it— of  jiyp- 
sum,  of  bone-dust,  of  common  salt,  for  example — it  is  because  enough  of 
tho  substance  applied  is  already  present,  or  because  something  else  is 
still  wanting  to  render  the  previous  additions  available. 

4°.  That  the  result  of  extended  experience  in  our  country,  that  the 
clay  soils  are  best  for  wheat,  and  sandy  soils,  such  as  (hat  of  Nor- 
folk, for  barley,  is  not  to  be  considered  as  anything  like  a  law  of  nature, 
setting  aside  the  clay  land  for  the  special  growth  o[  wheat,  and  denying 
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to  the  sandy  soila  the  power  of  yielding  abundant  crops  of  this  liind  of 
grain.  Almost  every  district  can  present  examples  of  well  cullivjiled 
fields,  where  the  contrary  is  proved — and  the  wheat  cro[>3  which  are 
yearly  reaped  from  the  sandy  plains  of  Belgium,  dereionstrale  il  on  a 
more  extended  scale. 

Cfieinicaily  speaking,  a  soil  will  produce  any  crop  abundantly,  pra- 
vided  it  contain  an  ample  supply  of  all  that  the  crop  we  wish  to  raise 
may  happen  to  require.  But,  in  practice,  soils  which  do  not  contaii:  all 
tLese  substances  pleotifullj',  are  yet  fotind  to  iliffer  in  iheir  power  of 
yielding  plentiful  returns  to  the  iiusbandnian.  Such  differences  arise 
from  the  climate,  the  exposure,  the  colour,  the  fineness  erf"  ihe  particles, 
the  liohiness  or  porosity  of  the  soil — from  the  quantity  of  moisture  it  is 
capable  of  retaining,  or  fram  some  other  of  its  numerous  physical  pro- 
perties. These  physical  properties,  therefore,  it  is  necessary  shortly  lo 
consider. 

§4.   Of  the  physical  propertiM  of  soils. 

To  the  physical  properties  of  soils  was  formerly  ascribed  a  muc-b 
more  fundamental  imponance  than  we  can  now  attach  to  ihem.  Crome 
and  Schiibler  regarded  ihe  fertility  of  a  soil  as  entirely  dependent  upon 
its  physical  properties.  Influenced  by  this  opinioti,  the  former  published 
the  results  of  an  examination  of  numerous  soils  in  the  Prussian  provin- 
ces, which  are  now  possessed  of  no  seienliftc  interest;  because  they 
merely  indicate  the  amount  of  day,  sand,  and  vegetable  mailer  whicij 
these  soils  severally  contaned.*  The  latter  completed  a  very  elaborate 
examination  of  the  physical  properties  of  soils,  which  is  very  useful  and 
instructive  ;t  but  the  defective  nature  of  which,  in  accounting  for  their 
agficuliaral  capabilities,  became  evident  to  the  author  himself,  when  the 
more  correct'  atiit  scinnlific  views  of  Sprengel,  illustrated  in  the  preced- 
ing section,  afterwards  became  known  to  him.  In  giving,  ihetefore, 
their  due  weight  lo  the  physical  properties,  we  must  nol  forget  that  in 
nature  they  are  subordinate  to  ihe  chemical  cotisliiuiioo  of  soils.  Plants 
may  grow  upon  a  soil,  whatever  its  physical  coodilion — if  all  the  food 
they  require  be  within  ihetr  reach — while,  however  favourable  the  phy- 
sical condition  may  be,  nothing  can  vegetate  in  a  healthy  mauner,  if  the 
soil  be  deficient  in  some  necessary  hind  of  food,  or  contain  what  is  de- 
Blnictive  to  vegetable  life. 

Of  the  physical  pmperties  of  soils  the  niost  important  are  their  den- 
sity, their  power  of  absorbing  and  retaining  water  and  air,  their  capillary 
action,  their  colour,  and  their  consistence  or  adhesive  power.  There 
are  one  or  two  others,  however,  lo  which  it  will  he  necessary  shortly  lo 
advert. 

i. MECHANICAl.  REI.ATI0IS3  OF  SOILS. 

1°.  The  density  and  absolute  vieight  of  a  ami. — Some  soils  are  mucli 
heavier  than  others,  not  merely  in  the  ordinary  sense  of  heavy  and  light, 
as  denoting  clayey  and  sandy  soils,  but  in  reference  to  the  absolute  weight 
of  equal  buUts. 
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Thus  a  cubic  foot  of  dry 

Siliceous  or  Calcareous  Sand — weighs  about   .     110  lbs. 

Half  Sand  and  half  Ciay 95 

Of  common  arable  Land,  from  .  .  .  .  80  to  90 
Of  pure  agricultural  Clay  (page  231)  ...  76 
Of  garden  Mould,  richer  in  vegetable  mailer     .       70 

Of  a  peaty  Soil,  from        30  to  50 

Sandy  soils,  therefore,  are  ihe  heaviest.  The  weight  diminishes  with 
tiie  increase  of  clay,  and  lessens  still  further  as  the  quantity  of  vegetable 
matter  augments. 

In  praclice,  the  denser  a  soil  is,  the  less  injury  will  be  done  to  the 
land  by  the  passage  of  carts  and  the  treading  of  caltle  in  the  ordinary 
operaliona  of  husbandry.  In  a  theoretical  point  of  view  it  is  of  conse- 
quence to  vegetation,  chiefly  in  so  far  as,  according  to  the  experiments 
of  Schiibler,  the  denser  soils  retain  their  warmth  for  a  longer  period  when 
the  sun  goes  down,  or  a  cold  wind  comes  on.  Thus  a  peaty  soil  will 
cool  as  much  in  an  hour  and  a  half  as  a  pure  clay  in  two,  or  a.  sand  in 
three  hours. 

2°.  Of  Ihe  state  of  division,  of  the  amsiituent  parts  of  the  soil. — 
With  the  relative  weight  of  different  soils,  their  state  of  division  is  in 
some  degree  connected.  Some  soils  consist  of  an  admixture  of  exceed- 
ingly line  particles  both  of  sand  and  clay — while  in  others,  coarse  sand, 
stones  and  gravels,  largely  predominate.  There  can  be  do  douht  that  the 
slate  of  the  soil  in  this  respect  has  a  material  influence  upon  iis  produc- 
tive character,  and  consequently  upon  its  money  value,  since  the  labours 
of  the  husbandman  in  lands  of  a  suffer  and  more  coherent  nature  are_ 
chieflyexpended  in  bringing  them  into  ibis  more  favourable  powdery  con- 
dition. In  the  description  and  examination  of  a  soil,  therefore,  this  pro- 
perly ought  by  no  means  to  be  passed  lightly  over — sineo  if  is  one  in 
regard  to  which  a  mere  chemical  analysis  gives  us  little  or  no  informa- 

In  some  parts  of  the  country,  the  farmer  diligently  gathers  th^ 
stones  off'  his  land,  while  in  others  the  practice  is  condemned  as  hurtful 
to  tlie  arable  crops.  The  latter  fact  is  explained  by  supposing  that 
these  stones  in  winter  afford  shelter  to  the  winter-corn,  and  in  warmer 
seasons  protect  the  ground  in  some  degree  from  the  drying  winds,  and 
retain  beneath  them  a  supply  of  moisture  of  which  the  neighbouring 
roots  can  readily  avail  themselves. 

3°.  Firmness  and  adhesive  power  of  soils. — When  soils  dry  in  the 
air  they  cohere  and  become  hard  and  stiff  in  a  greater  or  less  degree. 
Pure  siliceous  sands,  alone,  do  not  at  all  coheM  when  dry— while  pure 
clays  become  hard  and  very  difficult  to  pulverize.  In  proportion  to  the 
quantity  of  sand  with  which  the  latter  are  mixed,  do  their  tenacity  and 
hardness  diminish.  Thedifficulty  of  reducing  ciays  to  a  fine  powder  in 
the  open  field,  or  of  bringing  them  into  a  good  tilth,  may  be  overcome, 
therefore,  by  an  admixture  of  sand  or  gravd,  but  there  are  few  localities 
where  the  expense  of  such  an  operation  does  not  present  an  insur- 
mountable obstacle.  Thorough  draining,  however,  subsoil  ploughing, 
and  careful  tillage,  will  gradually  bring  the  moat  refractory  soils  of  this 
character  into  a  condition  in  which  they  can  be  more  perfectly  and  morO 
economically  worked. 
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Soils  also  adhere  lo  the  pliiugh  in  difTereni degrees,  and,  thorefijre,  pre- 
sent a  more  or  less  powerful  obstruction  to  its  passage.  All  soils  ])res6Dt 
a  greater  resistance  when  wet  than  when  liru,  and  all  considerably  more 
to  a  wooden  than  to  an  iron  plough.  K  sanSy  soil  when  wet  offers  a  re- 
sistance to  the.  passage  of  agricultural  implements,  equal  to  about  4  Ibe. 
to  the  square  foot  of  the  surface  which  passes  through  it — a  fertile  vege- 
table soil  ot  rich  garden  mould  about  6  Iha.,  and  a  clay  from  8  to  25  Ids. 
to  the  square  foot.  These  differences  will  naturally  form  no  inconsider- 
able items  in  the  calculations  of  the  intelligent  farmer  when  he  estimates 
the  cost  of  working,  and  the  consequent  rent  he  can  afford  to  pay  for  this 
or  that  soil,  otherwise  eqtial  in  value. 


1°.  Power  of  imbibing  moistwe  Jrom  Ihe  air. — When  a  portion  of  soil 
is  dried  carefully  over  boiling  water,  or  in  an  oven,  and  is  then  spread 
outuponasheetof  paper  in  the  open  air,  it  will  gradually  drink  in  watery 
vapour  from  the  atmosphere,  and  will  thus  increase  in  weight.  In  hot 
climates  and  in  dry  seasons  this  pro[jerty  is  of  great  importance,  restoring 
as  it  does,  to  the  iliirsty  soil,  and  bringing  within  the  reach  of  plants,  a 
portion  of  the  moisture  which  during  the  day  they  had  so  copiously  ex- 
Different  soils  possess  this  property  in  unequal  degrees.  During  a 
night  of  12  hours,  and  when  the  air  is  moist,  according  to  Schubler,  1000 
lbs.  of  a  perfectly  dry 

Quartz  Sand  will  gain     0  lbs.  I  Clay  Loam     .     .     .      95  lbs. 
Calcareous  Sand.     .       2  Puro AgricLilluralClay27 

Loamy  Soil         .     .     21  | 

and  peaty  soils,  or  such  as  are  rich  in  vegetable  matter,  a  still  larger 
q.uaiitiiy- 

Sir  Humphry  Davy  found  this  property  to  be  possessed  in  the  highest 
degree  by  the  most  fertile  soils.  Thus,  when  made  perfectly  dry,  1000 
lbs.  of  a 

Very  fertile  Soil  from  East  Lothian  gained  in  an  hour   18  Iba. 

Very  fertile  Soil  from  Somerselshire 16 

Soil  worth  46s.  per  acre  from  Meraea,  in  Essex  .     .       13 

Sandy  Soil  worth  aSs,,  from  Essen H 

Coarse  Sand  worth  only  15s 8 

Soil  of  Bagshot  Healh 3" 

Fertile  soils,  therefore,  possess  this  property  in  a  very  considerable  de- 
gree, and,  though  we  cannot,  by  determining  this  property  alone,  infer 
with  safety  what  the  fertility  of  a  soil  is  likely  to  prove — since  peaty 
soils  and  very  strong  clays  are  still  more  absorbent  of  moisture,  and 
since  this  property  is  only  remotely  eonoeetod  with  the  special  chemical 
constitution  of  a  soil — yet  among  arable,  sandy,  and  loamy  lands,  it  cer- 
tainly does,  as  Sir  Humphry  Davy  stales,  afford  one  means  of  judging 
of  their  relative  agricultural  capabilities. 


'2°.  Power  of  containing.or  holding  water.— 1(  water  be  poured  drop 
by  drop  upon  a  piece  of  chalk  or  of  pipe-clay,it  will  sink  in  and  disap- 
pear, but  if  the  dropping  be  continued,  the  pores  of  the  earth  will  by  de- 

•  Sii  H.  Dsvy'B  Works,  vol.  vli.,  p.  SSS. 
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grees  become  filled  with  water,  and  it  will  a(  length  begin  to  drap  out 
from  the  under  part  as  it  is  added  above.  This  properly  is  exhibiled  in 
a  cenain  degree  by  all  soils.  The  rain  falls  and  is  drutik  in,  the  dew 
also  descends,  and  is  thus  laken  possession  of  by  the  soil.  Bui  after  much 
rain  has  fallen,  the  earth  beGomes  saturated,  and  the  rest  either  runs  off 
from  the  surface  or  sinks  through  to  the  drains.  This  happens  more 
speedily  in  some  soils  than  in  otbera.  Thus  from  106  lbs.  of  dry  soil, 
water  will  begin  to  drop — if  it  be  a 

Quartz  Sand,  when  it  has  absorbed 25  lbs. 

Calcareous  Sand 39 

Loamy  Soil 40 

English  Chalk 45— .T. 

Clay  Loam 60 

Pure   Clay        70 

but  a  dry  peaty  soil  will  absorb  a  very  much  larger  proportion  (Schii- 
bler),  before  it  suffers  any  10  escape,  iTseful  arable  soils  are  found  to  be 
capable  of  ihUs  containing  fram  40  (o  70  per  cent,  of  their  weight  of  water. 
If  the  quanlify  be  less  than  this,  the  soils  ate  said  (o  be  best,  adapted  for 
pIno  planiatioDS,— if  greater,  for  laying  down  to  grass. 

In  dry  climates  this  power  of  holding  water  must  render  a  soil  more 
valuable,  whereas  in  climates  such  as  ours,  where  rains  rather  over- 
abound,  a  simple  determination  of  this  property  will  serve  to  indicate 
to  the  practical  farmer  ort  which  of  bis  fields  it  is  most  important  to  him, 
in  reference  to  surface  water,  that  the  operation  of  draining  should  be 
first  and  most  efieeiually  performed.  The  more  water  the  soil  contains 
within  its  pores,  the  more  it  has  to  part  with  by  stibseqoeni  evaporation ; 
and,  therefore,  (he  eolderit  is  likely  to  be.  The  presence  of  this  water  also 
excludes  the  air  in  a  great  degree,  so  that  for  these,  as  well  as  for  other 
reasons,  it  is  desirable  lo  afford  e.veiy  facility  for  the  speedy  removal  of 
(he  excess  of  water  from  such  soils  as  absorb  i(,  and  are  capable  of  con- 
taining it,  in  a  very  large  proportion. 

3°.  Power  of  retaining  water  when  exposed  to  the  air. — Unless  when 
rain  or  dew  are  failing,  or  when  the  air  is  perfectly  saturated  with  mois- 
ture, watery  vapour  is  constantly  rising  from  the  surface  of  the  earih. 
The  fields,  after  the  heaviest  rains  and  floods,  gradually  become  dry, 
though  this,  as  every  farmer  has  observed,  takes  place  in  some  of  hia 
fields  with  much  greater  rapidity  than  in  others.  Generally  speaking, 
those  soils  which  are  capable  of  arresting  and  containing  the  largest  por- 
tion of  the  tain  ihat^ls,  retain  it  also  with  the  greatest  obstinacy,  and  take 
the  longest  time  todry.  Thus  a  sand  will  become  as  dryin  one  hour  as  a 
pure  clay  in  three,  or  a  piece  of  peat  in  four  hours.  This,  therefore,  not 
only  explwns,  and  shows  the  correctness  of,  the  well-known  disiincliona 
of  warmaai  cold  soils,  but  exhibits  another  strong  argument  in  favour 
of  a  perfect  drainage  of  stiff  soils  and  of  such  as  contain  a  large  proporlion 
of  decaying  vegetable  matter. 

4°.  Capillary  povier  of  the  soil. — When  water  is  poured  into  the  sole 
of  a  fiower-pot,  the  soil  gradually  sucks  it  in  and  becomes  moist  even  to 
tho  surface.  The  same  takes  place  in  the  soil  of  the  open  fields.  The 
water  from  beneath — that  contained  in  the  subsoil — is  gradually  sucked 
up  to  the  surface.  Where  water  is  present  in  excess,  this  capillary  action, 
aait  is  called,  keeps  the  soil  always  moist  and  cold.  i  ii  loli' 


The  tendency  of  the  water  to  ascend,  however,  is  not  the  same  id  all 
soils.  In  those  which,  like  sandy  soils  and  such  as  contain  much  vege- 
talile  matter,  are  open  and  porous,  it  probably  ascends  most  freely,  while 
EtilF clays  will  transmit  it  with  less  rapidity.  No  precise  experiments, 
liowever,  have  yet  been  made  upon  this  subject,  chiefly,  I  believe,  he- 
cause  this  property  of  the  soil  has  not  hitherto  been  considered  of  such 
importance  as  it  really  is,  to  the  general  vegetation  of  the  globe.  Let  us 
attend  a  little  to  this  point. 

I  have  already  drawn  your  attention^  to  the  fact,  that  the  specimens  of 
soil  which  are  submitted  to  analysis  aurally  contain  very  little  saline 
matter,  and  yet  that  in  a  crop  reapedSlBm  the  same  soil  a  very  consider- 
able proportion  exists.  This  I  liifte  attributed  to  the  action  of  tho 
rains  which  dissolve  out  the  UHible  saline  matter  from  the  surface 
soil,  and  as  they  sink,  catry^R  with  them  into  (he  subsoil;  or  frani 
sloping  grounds,  and  durjj^  very  neavy  rains,  partly  wash  it  into  the 
brooks.  Hence  from  the  proportion  of  soluble  matter  present  at  any  one 
time  in  the  surface  soil,  we  cannot  safely  pronounce  as  to  the  quaniliy 
which  the  whole  soil  is  capable  of  yielding  to  the  crop  that  may  bo  grown 
upon  it.  For  when  warm  weather  comes  and  the  surface  soil  dries 
rapidly,  then  by  capillary  action  the  water  rises  from  beneath,  bringing 
with  it  the  soluble  substances  that  exist  in  the  subsoil  througii  which  it 
ascends.  Successive  portions  of  this  water  evaporate  from  the  surface, 
leaving  their  saline  matter  behind  them.  And  as  this  ascent  and  eva- 
poration go  on  as  long  as  the  dry  weather  continues,  the  saline  matter 
accumulates  about  the  roots  of  the  plants  so  as  to  put  wiiljio  ihcir  reacli 
an  ample  supply  of  every  soluble  substance  which  is  nol  really  defective 
in  the  soil.  I  believe  that  in  sandy  soils,  and  generally  in  all  light  soils, 
of  which  the  particles  are  very  fine,  this  capillary  acuort  is  of  great  ini- 
portance,  and  is  intimately  connected  with  their  power  of  producing 
remunerating  crops.  They  absorb  the  falling  rains  with  great  rapidity, 
and  these  carry  down  the  soluble  matters  as  ihey  descend — so  that  when 
the  soil  i>eeome3  soaked,  and  the  water  begins  to  flow  over  its  surface, 
the  saline  matter  being  already  buried  deep,  is  in  little  danger  of  being 
washed  away.  On  the  return  of  dry  weather,  the  water  re-ascends  from 
beneath  and  again  diShses  the  soluble  ingredients  through  the  upper  soil. 

In  cliolaies  such  as  ours,  where  rains  and  heavy  dews  frequently  fall, 
and  where  the  soil  is  seldom  exposed  for  any  long  period  to  hot  suiumer 
weather  unaccompanied  by  rain,  we  rarely  see  tlie  full  effect  of  this  ca- 
pillary action  of  the  soil.  But  in  warm  climates,  where  rain  seldom  or 
never  falls,  the  ascent  of  water  from  beneath,  where  springs  happen  to 
exist  in  the  subsoil,  goes  on  without  intermission.  And  as  each  new 
particle  of  water  that  ascends  brings  with  it  a  particle,  however  small, 
of  saline  matter  (for  such  waters  are  never  pure),  which  it  leaves  behind 
when  it  rises  into  the  air  in  the  form  of  vapour,  a  crust,  at  first  ibin,  but 
thickening  as  time  goes  on,  is  gradually  formed  oh  the  surface  of  the  soil. 
Such  crusts  are  seen  in  the  dry  season — in  India,  in  Egypt,  and  in  many 
parts  of  Africa  and  America.  In  hot,  protracted  Bummers  they  may  be 
seen  on  the  surface  of  our  own  fields,  but  they  disappear  again  with  the 
first  rains  that  fall.  Not  so  where  rains  are  unknown.  And  thus  on  the 
arid  plains  of  Peru,  and  on  extensive  tracts  in  Africa,  ti  deposit  of  saline 
matter,  sometimes  many  feel  in  thickness,  ia  met  with,(;i)jltia  purface  of 
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wide  plain*,  in  the  hollows  of  deep  valleys,  and  on  the  boUomaof  anelent 
lakes.  Such  an  incru3(ation,  probably  ao  formed,  ia  ihe  bed  of  niiraie  of 
soda  ill  Peru,  from  which  all  oiii*  supplies  of  that  salt  are  drawn — such 
are  (he  deposits  of  carbonate  of  soda  (urao)  extracted  from  the  soil  in  the 
South  American  Slate  of  Colombia. 

6°.  Conlraetiori  of  (fee  soil  on  drying. — Some  soils  in  dry  weather  di- 
minish very  much  iii  bulk,  shrink  in,  and  crack.  Thus,  after  beiog 
soaked  by  rain,  pure  clay  and  peaty  soils  diminish  in  bulk  about  one- 
fifth  when  they  are  agaiii  made  perfectly  dry — while  sand  has  the  same 
bulk  in  either  state.  The  more  clay  or  vegetable  matter,  therefore,  a 
soil  contains,  the  more  it  swells  and  contracts  in  alternate  wet  and  dry 
weather.  This  contraction  in  stiff  clays  can  scarcely  fail  to  be  occa- 
sionally injurious  to  young  roots  from  the  pressure  upon  the  tender  fibres 
to  which  it  must  give  rise,  while  in  light  and  sandy  soils  the  comprea- 
siori  of  the  roots  is  nearly  uniform  in  all  weathers,  and  ihey  are  undis- 
turbed in  their  natural  tendency  to  throw  out  off-shootain  every  direction, 
Hence  another  good  qualily  of  light  soils,  and  a  less  obvious  benefit 
which  must  necessarily  result  from  rendering  soils  less  tenacious  by  ad- 
mixture or  otherwise. 


Power  of  absorbing  oj:ygen  and  oOwr  gaseous  substances  from  Ihe 
air. — 1°.  The  importance  of  the  osygen  of  the  atmosphere,  first  to  the 
germination  of  the  seed,  and  afterwards  to  the  growth  of  the  plant,  I  have 
already  suUicieDtly  insisted  upon.  It  is  of  consequence,  iheretbre,  that 
this  oxygen  shoulcl  gain  access  to  every  part  of  tlie  soil,  and  thus  to  alt 
the  loots  of  the  plant.  This  access  can  be  facilitated  by  artificially 
working  the  land,  and  thus  rendering  it  more  porous.  But  some  soils, 
in  whatever  state  they  may  be  in  (his  respect,  have  been  found  to  absorb 
oxygen  with  more  rapidity,  and  in  larger  quandty.  than  others.  Thus 
clays  absorb  more  oiygen  than  sandy  soils,  and  vegetable  moulds  or 
peats  more  than  clays.  This  difference  depends  in  part  upon  the  no(ural 
poroshy  of  (hese  diUerent  soils,  and  in  part  also  upon  (he  chemical  con- 
Btitu(iou  of  each.  If  the  clay  contain  iron  or  manganese  in  the  state  of 
first  or  proi-oxides,  these  will  naturally  absorb  oxyaen  for  the  purpos.e  of 
(^ombihing  with  it, — while  the  decaying  vegetable;  matter  will  in  like 
manner,  in  such  as  contain  it  largely,  drink  in  much'  oxygen  to  aid  their 
natural  decomposition. 

2°.  Besides  the  gases,  oxygen  and  nitrogen,  of  which  the  air  princi- 
pally consists,  the  soil  absorbs  also  carbonic  acid  from  the  atmosphere, 
and  portions  of  those  various  vapours, — whether  of  ammonia  and  other 
effluvia  which  rise  from  the  earth,  or  of  nitric  acid  formed  in  the  air,— 
and  these,  in  the  opinion  of  some  chemists,  contribute  very  materially  to 
its  natural  fertility.  This,  however,  is  very  much  a  matter  of  conjec- 
ture, and  no  experiments  have  been  made  as  to  the  relative  cajiabilities 
of  different  soils  thus  to  extract  vegetable  food  from  the  surrounding  air. 
One  fact,  however,  seems  tube  clearly  ascertained,  that  all  soils,  namely, 
absorb  gaseous  substances  of  every  kind  most  easily  and  in  (he  greatest 
abundance  when  they  are  in  a  moist  state.  The  fall  of  rains,  or  the  de- 
acent  of  dew,  therefore,  will  favour  this  absorption  in  dry  seasons,  and  it 
will  also  be  greatest  in  those  soils  which  have  the  power  of  mcpt  K^i^ilx   . 


296  POWER   OP    SOILS    TO   RETAIN    HEAT. 

extracting  watery  vapour  from  the  air  during  the  absence  of  the  sun 
Hence  the  influence  of  the  dews  and  of  gentle  showers  on  titie  progress 
of  vegetation,  is  not  limited  W  the  mere  supply  of  water  to  the  thiraty 
ground,  and  of  those  vapours  which  they  bring  wilhlhem  as  they  descend 
to  the  earth,  hut  is  partly  due  also  to  the  power  which  ihey  impart  to  the 
moistened  soil,  of  eittraeting  for  itself  new  supplies  of  gaseous  maiiiir 
from  th.e  surrounding  atmosphere. 


There  are  someof  the  relations  of  soils  to  heat,  which  have  ci 
hie  influence  upon  their  power  of  promoting  vegetation.  These  are  ihe 
rapidity  with  which  they  absoiJj  heat  from  the  air,  the  temperature  ihey 
are  capable  of  attaining  under  the  direct  action  of  the  sun's  rays,  and  ihe 
length  of  time  during  which  they  are  able  to  retain  this  heat, 

1°.  Power  of  abeorbiitg  heat. — It  is  an  important  fact,  in  reference  ti; 
the  growth  of  plants,  that  during  sunshine,  when  the  sun's  rays  beat  upon 
it,  the  earth  acquires  a  much  Wgher  temperature  than  the  surnsunding 
air-  This  tomperature  very  often  amounts  to  110°,  and  sometimes  lo 
nearly  150°,  while  the  air  io  the  shade  is  between  70°  and  80°  only. 
Thus  the  roots  of  plants  are  supplied  with  that  amount  of  warmth  which 
is  most  favourable  to  (heir  rapid  growth. 

Dark-coloured — such  as  black  and  brownish  red — soils  absorb  tho 
heat  of  the  sun  most  rapidly,  and  therefore  become  warm  the  aoonesi. 
They  also  attain  a  higher  temperature — by  a  few  degrees  only,  how- 
ever (3°  to  8°), — than  soils  of  other  colours,  and  thus,  under  the  actioii 
of  the  same  sun,  will  more  rapidly  promote  vegetation.  In  climates, 
such  as  ours,  where  the  presenae  of  the  sun  is  often  wished  (or  in  vain 
in  lime  of  harvest,  this  property  of  the  soil  ^wssesses  a  considerable  eco- 
nomieal  value.  In  other  parts  of  the  world,  where  sunshine  abounds, 
it  becomes  of  less  importance. 

Every  one  will  understand  that  the  above  differences  are  observed 
among  such  soils  only  as  are  exposed  to  the  same  sun  under  the  same 
circumstaDces.  ■  Where  the  exposure  or  aspect  of  die  soil  is  such  as  to 
give  it  the  prolonged  benefit  of  the  sun's  rays,  or  to  shelter  it  from  cold 
winds,  it  will  prove  more  propitious  to  vegetation  than  many  others  le-ss 
favourably  situated,  though  darker  in  colour  and  more  free  from"super- 


•2°.  Power  of  retaining  heat. — But  soils  differ  more  in  their  power  of 
retaining  the  heat  they  haue  thus  absorbed.  You  know  that  all  hot  bodies, 
when  exposed  to  the  air,  gradually  become  cool.  So  do  all  soils ;  but  a 
sandy  soil  will  cool  more  slowly  than  a  clay,  and  the  latter  than  a  soil 
which  is  rich  in  vegetable  matter.  The  difference,  according  to  Schub- 
ler,  is  so  great,  that  a  peaty  soU  cools  as  much  in  one  hour  as  the  same 
bulk  of  clay  in  two,  or  of  sand  in  three  hoitfs.  This  may  no  doobt  have 
considerable  influence  upon  growing  crops,  inasmuch  as,  after  the  sun 
goes  down,  the  sandy  soil  will  be  three  hours  in  cooling,  while  the  clays 
will  cool  to  the  same  temperature  in  two,  and  rich  vegetable  mould  iu 
one  hour.  But  on  those  soils  wHch  cool  the  soonest,  dew  will  first  hcf;ii 
to  be  deposited,  and  it  is  doubtful,  where  the  soils  are  equally  drnjiifil, 
whether,  in  summer  weather,  the  greater  proportion  of  dew  deposited  lui 
the  clays  and  vegetable  moulds  mav  not  more  than  compensate  to  iL:; 
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parebetl  soil — for  the  less  prolonged  duration  of  the  elevated  tempera- 
ture derived  from  the  action  of  the  sun's  laya.  It  is  also  to  be  remem- 
hered,  that  vegetable  soils  at  least  absorb  the  sun's  heat  more  rapidly 
than  the  lighter  coloured  saudy  soils,  and  thus  the  plants  which  grow  in 
the  former,  which  is  sooner  heated,  may  in  reality  bo  exposed  to  ihe 
highest  inilaence  of  the  sun's  warmth — for  al  least  as  long  a  period  as 
those  which  are  planted  in  the  laaer. 

The  only  power  we  possess  over  these  relations  of  soils  lo  heat,  ap- 
pears to  be,  that  by  top-dressing  with  charcoal,  with  soot,  or  with  dark- 
coloured  composts,  we  may  render  it  more  capable  of  rapidly  absorbing 
ihe  sou's  heat,  and  by  admixture  with  sand,  more  capable  of  retaining 
the  heat  which  it  has  thus  obtained. 


Suca  are  the  most  important  of  the  physical  properiiea  of  soils.  Over 
some  of  them,  the  skilful  farmer  possesses  a  ready  eontral.  He  caa 
drain  his  land,  and  thus  render  it  cheaper  to  work  and  more  easy  to  re- 
duce to  a  fine  powder.  He  can  plough,  subsoil,  and  otherwise  wort  it 
well,  and  thus  can  make  it  more  open  aiid  porous,  more  accessible  both 
to  air  and  water.  When  it  is  light  aad  peaty,  he  can  lay  heavy  matter 
over  it — clay,  and  sand,  and  lime-stone  rubble — and  can  thus  increase 
its  density.  He  can  darken  its  colour  in  some  localities  with  peat  com- 
posts, and  can  thus  make  it  more  absorbent  of  heat  and  moisture,  as  well 
as  more  retentive  of  the  rain  that  falls.  But  here  his  power  ends,  and 
how  far  any  of  the  changes  within  hts  power  can  be  prudently  atttrnptei 
will  depend  upon  the  expense  which,  in  any  given  locality,  the  operalion 
would  involve.  And  even  after  he  has  done  all  which  mere  mechanical 
skill  can  suggest,  the  soil  may  still  disappoint  his  hopes,  and  refuse  to 
yield  him  remunerating  crops  of  corn. 

"  A  soil,"  says  Sprengel,  "  is  often  neither  too  heavy  nor  loo  light, 
neither  too  wet  nor  too  dry,  noitljer  too  cold  nor  too  warm,  neither  too 
fine  nor  too  coarse ; — lies  neither  too  high  nor  too  low,  is  situated  in  a 
propitious  climate,  is  found  to  consist  of  a  well-propottioned  mixture  of 
clayey  and  sandy  particles,  contains  an  average  quantity  of  vegetable 
matter,  and  has  the  benefit  of  a  warm  aspect  and  favouring  slope." — 
[Bodenkunde,  p.  203-]  It  has  all  the  advantages,  ia  short,  which 
physical  condition  and  climate  can  give  it,  and  yet  it  is  unproductive. 
And  why  T  Because,  answers  chemical  analysis,  it  is  destitute  of  cer- 
tain mineral  conslitueuls  which  plants  requite  for  their  daily  food.  The 
phyM.cal  properties,  therefore,  are  only  accessory  to  the  chemical  consti- 
tution. They  bring  into  favourable  circumstances,  and  thus  give  free 
scope  to  the  operation,  upon  the  seeds  and  roots  of  plants,  of  those  che- 
mical substances  which  Nature  has  kindly  placed  in  roost  of  our  soils,  or 
by  the  lessons  of  daily  experience  is  teaching  the  skilful  labourer  in  her 
fields  to  supply  by  art. 

And  yet  the  study  of  the  physical  properties  of  soils  is  not  without  its 
use,  even  in  a  theoretical  point  of  view.  It  shows  both  ihe  use  of  the 
fundamental  adcnisture  of  sand,  clay,  and  vegetable  malter,  of  which 
our  soils  consist,  and  for  what  special  end  all  the  mechanical  labours  oi 
the  husbandman  are  Imdertaken,  and  why  they  are  so  necessary.     Plants 
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must  be  fiimly  fixed,  therefore  the  soil  must  have  a  certaio  consistency, 
— their  roots  must  find  a  ready  passage  in  every  ilirection ;  therefore  the 
soils  must  bs  somewliat  loose  and  open.  Except  for  these  purposes,  we 
sea  li^le  immediaU  use  for  ihe  sand  and  alumina  which  form  so  much 
Oi  -lie  8-jbstaiice  of  soils — till  we  come  to  study  their  physical  pro|ienie3. 
The  siliceous  sand  is  insoluble,  and  the  alumina  exists  in  planla  in  very 
minute  quantity  only,  while  during  the  progress  of  natural  vegetation, 
ihe  proportion  of  vegetable  matter  in  tlie  soil  actually  increases.  The 
iiuiaediale  agency,  ifierefore,  of  these  substances  is  not  cliemical  but 
physical. 

TJie  alumina  of  the  clays  is  of  immediate  use  in  absorbing  and  retain- 
ing kjlli  water  and  air  for  ihe  use  of  the  roots — while  the  vegetable  mai- 
ler is  advantageous  in  reference  o  e  sa  e  en  s,  as  well  as  to  the  power 
of  absorbing  quickly  and  large  y  e  a  ra  I  of  the  sun's  rays.  Tiie 
soil,  in  short,  in  reference  to  ve„c  a  o  |  us  the  four  following  dis- 
tinct aiid  separate,  but  each  o        em    mpo   a  n  and  necessary,  func- 

1°.  It  upholds  and  sustains     e  j  a      aff"    i    g  it  a  sure  and  safe  an- 

9°.  It  absorbs  water,  air,  and  heat,  lo  prniiiote  its  growtli 

These  are  ils  mechanical  and  physical  functions. 

3°.  It  contains  and  supplies  to  the  plaiu  both  organic  and  inorgniiic 
6)od  as  ils  wants  require  ;  and 

4°.  It  is  a  workshop  in  which,  by  (he  aid  of  air  and  moisture,  chemi 
cal  changes  are  continually  going  on  i  by  which  clianges  these  several 
kinils  of  fond  are  prepared  lor  admission  into  the  living  roots. 

These  are  ils  chemical  funclions. 

All  the  operations  of  the  husbandman  are  intended  lo  aid  ihesoilin  tlic 
performance  of  one  or  other  of  diese  funclions.  To  the  ihost  important 
of  ihese  operations — ihe  methods  adopted  by  ihe  practical  farmer  lor 
improving  the  soil — it  is  my  intention,  in  the  following  division  of  these 
Lieerures,  briefly  lo  direct  your  o> 
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LECTURE   XIV. 

The  ph;elca1  qualities  end  clismical  conslitmion  n(  a  soil  snaj  is  cliangeil  by  an Nalura 

of  [tie  plants  dependenl  UII011  llialofllie  sail  an  nliich  Uiey  «row,— Mechanical  mcLlioda 
or  ImpFDVlflg  (he  soil,— Effecia  produced  by  drsinine—Tlieorr  of  spiings.— EltOcl  of 
Klougbing,  subaoUing,  deep  ploughing  and  Irenclilng.— Arlificial  improTement  bj  mliUig 

The  facts  detailed  in  the  preceding  lectnre  may  l>e  considered  as  af- 
fording sufficient  praof  that  the  ability  of  the  fartner  to  grow  this  or  that 
crop  upon  his  land,  is  very  much  restrained  by  its  natural  character  and 
constitution.  Each  soil  establishes  upon  itself — ao  to  speak — a  vegeta- 
tion suited  to  its  own  nature,  one  that  req^uires  most  abundantly  those 
substances  which  actually  abound  in  the  soil — and  the  art  of  man  can- 
not tons  change  this  natural  connection  between  the  living  plant  and  the 
kind  ofland  in  which  it  delights  to  grow. 

But  he  can  change  the  character  of  the  land  itself.  He  can  alter 
bolh  its  physical  qualities  and  hs  chemical  constitution,  and  thus  can  fit 
it  for  growing  other  races  of  plants  than  those  it  naturally  hears — or,  if  he 
choose,  the  same  races  in  grealer  abundance,  and  with  increased  luxuri- 
ance. It  is,  in  fact,  in  the  productionof  such  changes,  that  nearly  all  the 
labour  and  practical  skill  of  the  husbandman — apart  from  local  peculiari- 
ties of  climate,  ire. — is  constantly  expended.  For  the  attainment  of 
this  end  he  dr^ns,  ploughs,  subsoil-ploughs,  and  otherwise  works  his 
land.  For  this  end  he  clays,  sands,  marls,  and  manures  it.  By  these 
and  similar  operations  the  land  is  so  changed  as  to  become  both  ahle  and 
willing  10  nourish  and  ripen  those  peculiar  plants  which  the  agriculturist 
wishes  to  raise.  On  this  practical  department  of  the  art  of  culture, 
the  principles  explained  and  illustrated  in  the  preceding  parts  of  these 
lectures,  throw  much  light.  They  not  only  explain  the  reason  why  cer- 
tain practices  always  succeed  in  the  hands  of  the  intelligent  farmer,  but 
why  others  also  occasionally  and  inevitably  fail — they  tell  him  which 
practices  of  his  neighbours  he  ought'to  adopt,  and  which  of  them  he  had 
better  modify  or  wholly  reject, — and  they  direct  him  to  such  new  modes 
of  iroproving  his  land  as  are  likely  to  add  the  most  to  its  permanent 
productive  value. 

The  operatioDs  of  the  husbandman  in  producing  changes  upon  the 
Land,  are  either  mechanical  or  chemical.  When  he  drains,  ploughs, 
and  subsoils,  he  alters  chiefly  the  physical  characters  of  his  soil — when 
he  limes  and  manures  it,  he  alters  its  chemical  constitution.  These  two 
olaases  of  operations,  therefore,  are  perfectly  distinct.  Where  a  soil  con- 
tains all  that  the  crops  we  desire  to  grow  are  likely  to  require,  mere  me- 
chanical operations  may  suffice  to  render  it  fertile — but  where  one  or 
more  of  the  inorganic  constituents  of  plants  are  wanting,  draining  may 
prepare  the  land  to  benefit  by  further  operations,  but  it  will  not  be  alone 
sufficient  to  remove  Its  comparative  storilily.  I  shall,  therefore,  con- 
sider ii)  sitccBSsIpn  these  two  classes  of  practical  operations ; — 

1°.  Mechanical  methods  of  improving  Ihe  soil,  including  draining, 
ploughiog,  mixing  wLlh  clay,  sand,  &c. 
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2".  Chemical  methods,  including  limeing,  marlirg,  and  the  application 
of  vegetable,  animal,  and  mineral  manures. 

To  satisfy  you  fiilly,  however,  in  regard  to  (he  absolute  necessity 
for  snch  chaDges,  if  we  would  render  the  land  fit  to  produce  any  given 
crop,  let  me  illustrate,  ty  a  few  brief  examples,  the  intimate  relation 
observed  in  nature  between  the  kind  of  soit  and  ihe  kind  of  plants  that 
gn)w  upon  it. 

§  1.   On  Ike  conneetion  between  tke  Jdnd  ofsoU  and  ihe  kind  of  plants 
that  grow  -upon  it. 

That  a  general  eonnectioD  exists  between  the  kind  of  soil  and  the 
kind  of  plants  that  grow  upon  it,  is  familiar  to  all  practical  men.  Thus 
clay  soils  are  generally  acknowledged  to  be  liesl  adapted  for  wheal — 
loaniv  soils  for  barle.y — sandy  loams  for  oats  or  barley — such  as  are  more 
sandy  aiiW  for  oats  or  rye — and  those  which  are  almost  pure  sand,  for 
rye  alone  of  all  the  corn-hearing  crops. 

Bui  in  a  state  of  nature,  we  find  special  differences  among  the  spon- 
taneous produce  of  the  soil,  which  are  more  or  less  readily  traceable  to 
its  chemical  constiCution  in  the  spots  where  the  plants  are  seen  to 
grow.     Thus — 

1°.  On  the  sandy  soils  of  the  sea  shores,  and  on  the  salt  steppes  ol 
Hungary  and  Russia,  the  sand-worts,  salt-worts,  glass-worts,  and  other 
salt-loving  plants  abound.  When  these  sands  are  inclosed  and  dfeiued, 
the  excess  of  the  salt  is  gradually  washed  out  by  the  rains,  or  in  some 
countries  is  removed  by  reaping  the  saline  plants  annually,  and  burning 
tliem  for  soda  (barilla),  when  wholesome  and  nutritive  grasses  take  their 
place;  but  the  white  clover  and  the  daisy,  and  the  dandelion,  must  first 
appear,   before,  as  a  general  rule,  it  can  be  profitably  ploughed  np  and 

2°.  The  dry  drifted  sands,  more  or  less  remote  from  the  sea,  produce 
no  BuCii  plants.  They  are  distinguished  by  their  own  coarse  grasses, 
among  which  the  elymas  arcnarius  (upright  sea lyme- grass)  often*  in  our 
latitudes,  occupies  a  conspicuous  place  On  the  downs  of' NorUi  Jut- 
land, it  was  formerly  almost  h  p  -Khich  the  traveller  could 
meet  with  over  an  area  of  many    ( 

3°.  On  onli nary  sandy  soi  gi  mm  p  ts  are  rare,  and  the  herb- 
age often  scanty  and  void  of  IS  Wth  the  presence. of  marl 
in  such  soils,  the  natural  gro  h  gunu  plants  increases.  The 
colt's-foot  also,  and  (he  bulle  b  grow  naturally  where  the 
subsoil  is  marly,  but  infest  it  son  ti  to  u  h  a  degree  as  to  be  with 
great  difHculty  exdrpated.  So  true  th  s  indication  of  tie  nature  of 
the  soil,  that  in  the  lower  vallies  of  Switzerland  these  plants  are  said  to 
indicate  to  the  natives  where  they  may  successfully  dig  for  marl,  (Prhe 
Essays  of  the  HighUatd  Sacieti/,!..  p.  134).  On  calcareous  soils,  again, 
or  such  as  abound  in  lime,  the  quicken  or  couch-grass  is  seldom  seen  as 
a  weed,  {Sprengei,  BodenJcunde,  p.  301),  while  the  poppy,  the  vetch,  and 
the  darnel  abound. 

4°.  So  peaty  soils,  when  lafd  down  to  scaas,  slowly  sdeet  for  them- 
selves a  peculiar  tribe  of  grasses,  especially  suited  to  their  own  nature, 
among  which  the  Itolcus  lanaius  (meadow  soft-grass)  is  remarkably 
abundant.     Alter  their  conslituljon  by  heavy  limeing,  and  they  produce 
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liixurinnt  green  crops  and  a  great  bulk  of  straw,  but  give  a  coarse  thick- 
skinned  grain,  more  or  less  iiiipecfeetly  filled.  Alter  them  further  by  a 
dressing  of  clay,  or  keep  them  in  arable  culture,  and  stiffen  them  with 
ciimposts,  and  ihey  will  be  converted  into  rii^h  and  sound  corn-bearing 

5°.  In  the  waters  that  gush  from  the  sides  of  lime-stone  hills — on  the 
bottoms  of  ditches  that  are  formed  of  lime-stones  or  marls — and  in  the 
springs  ihat  have  their  rise  in  many  trap  roclts,  the  water-cresa  appears 
and  accompanies  the  running  waters,  sometimes  (or  miles  oa  their 
course.  The  mare'a-tail  (ejMZ3f(um),on  the  other  hand,  attains  its  largest 
size  by  the  marshy  banks  of  rivulets  in  which  not  lime  but  silica  is 
raore  abundantly  present.  So  the  Cornish  heath  {erica  vagans)  is  found 
only  over  the  serpentine  soils  of  Cornwall,  and  the  red  broom  rape 
(orobanche  rubra.  Hooker's  Flm-a  Scotica),  only  on  decayed  traps  in 
Scotland  and  Ireland. 

These  facts  all  point  to  die  same  natural  law,  that  where  other  circum- 
stances of  climate,  moisture,  &c.,  are  equal,  Ihe  natural  vegetation — that 
which  grows  best  on  a  given  spot — is  erttirely  dependent  upon  tlte  chemical 
constitution  oflhe  ami. 

But  both  the  soil  and  the  vegetation  it  willingly  nourishes,  are  seen 
to  undergo  slow  but  natural  changes.  Lay  down  a  piece  of  land  to  grass, 
and,  after  a  lapse  of  years,  the  surface  soil — originally,  perhaps,  of  the 
stiffest  clay— is  found  to  have  become  a  rich,  light,  vegeiahle  ihonld, 
bearing  a  thick  sward  of  nourishing:  grasses,  almost  totally  diflerent  from 
those  which  naturally  grew  upon  it  when  flrat  converlta  info  pasture. 
So  in  a  wider  field,  and  on  a  larger  scale,  the  same  slow  changes  are 
exhibited  in  the  vast  natural  forests  tliat  are  known  to  have  long  covered 
extensive  tracts  iji  various  countries  of  Europe. 

Thus  it  ia  a  matter  of  history  that  Charlemagne  hunted  in  the  tbresi 
of  Gerardmer,  then  consisting  of  oak  and  beech — though  now  the  same 
forest  contains  only  pinea  of  various  species.  On  the  Rhine,  between 
Landau  and  Kaiserlautem,  oak  forests,  of  seyeral  centuries  old.  are  seen 
to  be  gradually  giving  way  to  the  beech,  while  others  of  oak  and  beech 
are  yielding  to  the  encroachments  of  the  pine.  In  tlic  Palatinate,  the 
Scotch  fir  hinus  sylvestjie)  is  also  succeeding  to  the  oak.  In  the  Jura, 
and  in  the  Tyrol,  the  beech  and  the  pine  are  seen  mutually  to  replace 
each  other — and  the  same  is  seen  in  many  other  districts.  When  the 
time  for  a  change  of  crop  arrives.  Ihe  existing  trees  begin  to  languish 
one  after  another,  their  branches  die,  and  finally  their  dry  and  naked 
tops  are  seen  surrounded  by  the  luxuriant  foliage  of  other  races  [Le  Ba- 
ron de  Mortemart  de  Boisse,  Voyage  dans  les  Landes,  p.  189.]  These 
facts  not  only  show  how  much  the  vegetable  tribes  are  dependent  upon 
the  chemical  nature  of  the  soil — they  indicate,  likewise,  the  existence 
of  slow  natural  changes  in  the  constitution  of  the  soil,  which  lead  neces- 
sarily to  a  change  of  vegetation  also. 

We  can  ourselves,  in  the  case  of  ancient  forests,  effect  such  cftanges. 
When  in  the  United  States  a  forest  of  oak  or  maple  is  cut  down,  one  of 
pine  springs  up  in  its  place ;  while  on  the  site  of  a  pine  forest,  oak  and 
other  broad -lea\'ed  trees  speedily  appear. 

But  if  the  full  time  for  such  changes  has  not  come,  the  new  vegeta- 
tion may  be  overtalien,   and  smothered  by  the  original  tribes.     Thna, 
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when  the  pine  foresrs  of  Sweden  are  burned  down,  a  young  growth  of 
birch,  succeeds,  but  after  a  tlmo  the  pines  again  appear  and  usurp  rlieir 
former  dominion.  The  soO  remains,  still,  mote  propitious  to  the  growth 
of  the  latter  than  of  the  former  kind  of  tree. 

We  may,  therefore,  take  a  practical  lesson  from  the  book  of  nature. 
If  we  wish  to  have  a  luxuriant  vegetation  upon  a  given  spot,  we  must 
either  select  such  kinds  of  seeds  to  sow  upon  it  as  are  fitted  to  the  kind 
of  soil,  or  we  must  change  the  nature  of  ihe  land  so  as  adapt  ii  to  our 
crop.  And,  even  when  we  have  once  prepared  it  to  yielii  abundant  re- 
turns of  a  particular  kind,  the  change?  we  have  produced  can  only  be 
more  oc  less  of  a  temporary  nature.  Our  care  and  attention  must  still 
be  bestnwerl  upon  it,  that  it  inay  be  enabled  to  resist  the  slow  natural 
causes  of  alteratbn,  by  which  it  is  gradually  unfitted  to  nourish  those 
vegetable  tribes  which  it  appears  now  to  delight  in  maintaining 

Let  u«  now  turn  our  attention,  therefore,  to  the  methods  by  whiiih 
these  beneficial  changes  are  to  he  effected  and  maintained. 

§2.  Of  draining,  and  its  effects. 
Araong  the  merely  mechanical  methods  by  which  those  cliaoges  are 
to  be  produced  upon  the  soil,  that  are  to  fit  it  for  Ihe  better  growth  of 
valuable  crops,  draining  is  now  allowed  to  hold  the  first  place.  That  it 
is  an  important  step  in  heavy  clay  lands,  and  that  ilmust  be  the/rsf  step 
in  all  cases  where  water  abonnda  in  the  surface  soil,  will  be  readily  con- 
ceded ;  but  that  it  can  be  beneficial  also  in  situations  where  the  soils  are 
I  sandy  nature — where  the  subsoil  is  light  and  porous— or  where  the 
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r  of  considerable  doubt  and  difficulty.     It  may  be  usefiil,  then, 
itB  the  several  effects  which  in  different  localities  are  likely 
efficient  drainage  of  the  land  ; — 
1".  It  carries  off  all  stagnant  water,  and  gives  a  ready  escape  (o  tlie 

2°.  It  arrests  the  ascent  of  water  from  beneath,  whether  by  capillary 
action  or  by  the  force  of  springs — and  fhiis  not  only  preserves  the  sur- 
&ce  soil  from  undue  moisture,  hut  also  frees  the  subsoil  from  the  linger- 
ing presence  of  those  nosious  substances,  which  in  undrained  land  so  fre- 
quently loilge  in  it  and  irttpaif  the  growth  of  deep-rooted  plants. 

3°.  It  allows  the  water  of  the  rains,  instead  of  merely  running  over 
and  often  injuriously  waahins  the  surface,  to  make  its  way  easily 
through  the  soil.  And  thus,  while  filtering  through,-  not  only  does  the 
rain-water  impart  to  the  soil  those  substances  usefnltOvegeCarion,  which, 
as  we  have  seen,  [see  Lecture  II.,  p.  37,  Lectnra  IV.,  p.  69,  and  Lecture 
VIII.,  p.  159J  it  always  contains  in  greater  or  less  abundance ;  hut  it 
washes  ont  of  [he  upper  soil,  and,  when  ihe  drains  are  deep  enough, 
out  of  the  subsoil  also,  such  noxious  substances  as  naturally  collect  and 
may  have  been  long  accumulating  there — rendering  it  unsound  and 
hartful  to  the  roots.  The  laiter  is  one  of  those  benefits  which  frraduaUy 
Pillow  ilie  draining  of  land.  When  once  thoroughly  effected,  ir  consii- 
tiitp?  a  most  importgnt  permanent  improvement,  and  one  which  caIn  bi; 
fully  produced  by  no  other  available  means.  It  will  bo  permanent, 
li.rvever,  only  so  h>ng  as  the  drains  are  kept  in  good  condition.     The 
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same  openness  of  the  soil  which  enables  the  rains  to  wast  ont  those  so- 
luble noxious  substances,  which  have  been  long  collecting,  permits  them 
to  carry  off  also  such  as  are  gradually  formed,  and  tlius  to  keep  it  in  a 
sound  and  healthy  state ;  but  let  this  openness  be  more  or  less  impEured 
by  a  neglect  of  the  drainage,  and  the  original  state  of  the  land  will  again 


t  descent  of  water  through  the  soil  causes  a  similar 
It  descent  of  fresh  air  through  its  pores,  from  the  surface  to  the 
depth  of  the  drains  When  the  tam  falls,  it  enters  the  soil  and  more  or 
less  completelydisplaces  the  air  which  ia  contained  within  its  pores. 
This  air  either  descends  to  the  drams  or  rises  into  the  atmosphere. 
When  the  rain  ceases,  the  water,  ai  it  sinks,  again  leaves  the  pores  of 
the  upper  soil  open  and  fresh  air  consequently  folbiws.  It  is  in  fact 
sucked  in  ^tter  the  witer,  as  the  latter  gradually  passes  down  to  the 
drains.  Thus  ■Khere  a  good  dr'unage  exists,  not  only  ia  the  land  re- 
freshed by  every  shower  that  falls — not  only  does  it  derive  from  the 
rains  those  important  substances  which  occasionally,  at  least,  are  brought 
down  by  them  from  the  atmosphere,  and  which  are  in  a  great  measure 
lost  where  the  waters  must  flow  over  the  surface — but  it  is  supplied  also 
with  renewed  accesaons  of  fresh  air,  which  esperience  has  shown  to  he 
si>  valuable  in  promoting  the  healthy  growth  of  all  our  cultivated  crops. 

5°.  But  other  consequences  of  great  practical  importance  follow  from 
diese  immediate  effects.  When  thus  readily  freed  from  the  constant 
]>reaence  of  water,  the  soil  gradually  becomes  drier,  sweeter,  looser,  and 
more  friable.  The  hard  lumps  of  the  stiff  clay  lands  more  or  less  dis- 
appear. They  crumble  more  freely,  offer  less  resistance  to  the  plough, 
and  are  in  consequence  more  easily  and  economically  worked.  These 
are  practical  benefits,  equivalent  to  a  change  of  sod,  which  only  the 
farmer  of  stubborn  clays  can  adequately  appreciate. 

6°.  With  the  permanent  state  of  moisture,  the  coldness  of  many  soils 
also  rapidly  disappears.  The  backwardness  of  l)ie  crops  in  spring,  and 
the  lateness  of  the  harvests  in  autumn,  are  less  frequently  complained 
of— for  the  drainage  in  many  localities  produces  effects  which  are  eqtd- 
vaUnt  (o  a  change  of  climate.  "  In  consequence  of  the  drainage  which 
has  taken  place  in  the  parish  of  Peterhead,  m  Aberdeenshire,  during  the 
last  20  years,  the  crops  arrive  at  maturity  ten  or  fourteen  days  sooner 
than  they  Ibitnerly  did  ;"*  and  the  same  is  true  to  a  still  greater  extent 
m  many  other  localities. 

7°.  On  stiff"  clay  lands,  well  adapted  for  wheat,  wet  weather  in  au- 
tumn not  nnfrequenlly  retards  the  sowing  of  winter  corn — in  undrained. 
lands,  often  completely  prevents  it — compelling  the  farmer  to  change  his 
system  of  cropping,  and  to  sow  some  other  gram,  if  the  weather  p'erinit 
him,  when  the  spring  comes  round.  An  efficient  drainage  carries  off  the 
water  so  rapidly  as  to  bring  the  land  into  a  workable  stale  soon  after  the 
rain  has  ceased,  and  thus,  to  a  certain  extent,  it  rescues  the  farmer  from 
the  fickle  dominion  of  the  uncertain  seasons.f     To  the  skilful  and  in- 
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^liable  means  to  the  successful 
Litoiso  even  in  our  oge  and  country  is  siite 
— "inai  ssea-nme  ana  nanest  shall  never  fail." 

8°.  But  on  lands  of  every  kind  this  removal  of  the  superfluous  water 
ia  pmduciive  of  another  practical  benefit.  In  its  consequences  it  is  e^i- 
natent  lo  an  actual  deepemng  of  the  soiL 

When  land  on  which  the  surface  water  is  in  the  habit  of  resting,  be- 
comes dry  enough  to  ailtnit  ihe  labours  of  (be  husbsndnian,  il  is  slill 
fdund  to  be  wet  beneaib,  and  the  walers,  even  in  dry  seasons,  not  unfre- 
quently  remain  where  the  roots  of  (he  crops  would  olherniise  be  inclined 
to  come.  Or,  if  the  surface  soil  permita  ready  passage  (o  the  rains,  and 
watere  linger  only  in  the  moist  subsoil,  siiil — lljough  ihe  farmer  may 
not  be  delayed  in  his  labours — the  subsoil  repels  Ihe  approach  of  ihe 
roots  of  his  grain,  and  compels  them  to  seek  their  nourishment  from  the 
surface  soil  only.  But  remove  fhe  waters,  and  the  soil  becomes  dry  lo 
a  ereater  depth.  The  air  penetrates  and  diflijses  itself  'wherever  the 
waters  have  been.  The  roots  now  freely  and  safely  descend  into  the 
almost  virgin  soil  beneath.  And  not  only  have  ihcy  a  larger  spaco 
through  which  to  send  iheir  fibres  io  search  of  food,  but  in  this  hiiljerio 
ungeninl  soil  they  find  a  store  of  substances — but  spanngly  present,  it  may 
be,  in  the  soil  above — which  the  long  cnnlinued  washing  of  the  rams, 
or  the  demands  of  frequent  crops,  rray  have  removed,  but  which  may 
iiave  been  all  tlie  time  accumulaung  m  the  subsoil,  into  -Hhicli  the 
roots  of  cullivaled  [ilants  could  rarely  wilfa  safety  descend  It  is  not 
wonderful  then  that  (be  eeouomical  effects  o)  drainmg  should  he  lound 
by  practical  men  lo  he  not  only  a  diminution  m  (he  cost  of  nilli^  siion, 
but  a  considerably  augmented  produce  also  both  in  corn  and  grass ,  or 
liiat  this  iucreased  produce  should  alone  be  found  sufScieni  to  repay  ilie 
entire  cost  of  thorough-draining  i«  two  or  three  years. 

An  obvious  prablical  suggeslbn  arises  out  of  llie  knowledge  of  lliis 
fact.  The  deeper  ihe  Ai^ns,  promdcd  ihe  vrater  have  BlRiareaay  eecajie, 
the  greater  the  depth  of  soil  wliich  is  rendered  available  for  the  purposes 
of  vegetable  jiutririon.  Deep-rooted  plants,  such  as  lucerne,  often  fail, 
even  in  moderately  deep  soils,  because  an  excess  of  water  or  tlie 
presence  of  some  nojtious  ingredient,  which  deep  drains  would  remove, 

S events  their  natural  descent  in  search  of  food.  Even  plants,  which, 
;e  that  of  wheat  or  clover,  do  not  visually  send  down  their  roots  so  far, 
will  yet,  where  the  subsoil  is  sound  and  dry,  extend  their  fibres  for  three 
or  more  feel  in  depth,  in  quest  of  more  abundant  nourishraent. 

Ni>tOTi\y,  then,  do  deep  drains  perinil  the  use  of  the  subsoil  plough 
without  the  chance  of  injury, — not  only  are  they  less  liable  to  be  choked 
up  by  the  aiicuniulated  roots  of  plants  which  naturally  malie  (heir  way 
into  them  in  search  of  water, — but  they  also  increase  Uie  valufe  and  per- 
manent fertility  of  the  land,  by  increasing  its  available  depth.  In  other 
words,  that  kind  of  drainage  which  is  most  efficiently  performed,  with  a 
regard  to  tlie  greatest  number  of  contingencies,  will  not  only  be  the  most 
permanent,  but  will  also  be  followed  by  the  greatest  number  of  ectnomi- 


tropa,    II H  nniv  so  dry  aa  lo  grow  verj  good  crops  of  luriiip  or  rape,  anil 
Insiaiires,  I  have  always  sawn  my  wheal  In  caplial  order."— PrJM  Sbsoks  of 
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9".  Nor  ilo  the  immerllate  and  practical  benelits  Of  draining  end  with 
Me.  atlainmant  of  ihese  beneficial  results.  It  is  not  (ill  the  land  is  ren- 
dered dry  iba!  tlje  skilful  and  enterprising  farmer  has  a  fair  field  on 
wliith  lo  expend  his  e-certions.  In  wet  soils,  bones,  wood-ashes,  rape- 
dast,  nitrate  of  soda,  and  other  artificial  maoures,  are  almost  thrown 
aWay.  Even  hms  exhibits  but  one-half  of  its  fertilizing  virtue,  where 
water  is  allowed  to  stagnate  in  the  soil.  Give  him  dry  iields  to  work 
upon,  and  the  well-instructed  Hgriculturist  can  bring  all  (lie  resources, 
as  well  of  modern  science  as  of  old  experience,  to  hear  upon  iheiis,  witli 
a  fair  chance  of  success.  Tlie  disappointments  which  the  holder  of  un- 
drained  lands  so  often  meets  with,  he  will  less  frequently  experiencj. 
An  aile([uate  return  will  generally  be  obiaiaei!  for  his  expenditure  in 
manuring  and  otherwise  improving  his  soil,  and  he  will  thus  be  encour- 
aged to  proceed  in  devodng  his  capital  to  the  permanent  amelioration  of 
his  farm — not  less  for  his  own  than  for  his  landlord's  benefit. 

Viewed  in  this  light,  draining  is  only  the  first  of  a  long  series  of  im- 
provemsnts,  or  rather  U  is  a  necessary  preparative  to  the  numerous  im- 
provements of  which  the  soil  of  islands  is  susceptible— which  iiaprove- 
nients  it  would  !«  a  waste  of  money  to  attempt,  until  an  efficient  system 
of  drainage  is  established.  And  when  we  eonsider  how  great  a  national 
henalit  this  mere  preparatory  measure  alone  is  fitted  directly  to  confer 
upoa  the  country,  you  will  agree  with  me  in  thinking  that  every  good 
citizen  ought  to  exercise  hiainftueucein  endeavouring,  in  his  own  district, 
mora  or  less  rapidly  to  promote  it.  It  has  been  calculated  that  the  ilraiu- 
a^e  of  tlao^e  lands  only,  which  are  at  present  in  arable  culture  (10  mil- 
linns  of  acres),  would  at  once  increase  their  produce  by  10  millions  of 
quarters  of  the  various  kinds  of  grain  now  crown  upon  them  ; — and  that 
a  similar  drainage  of  the  uncultivated  lauds  (15  millions  of  acres) 
would  yield  a  further  increased  produce  of  twice  as  much  more.  This 
increase  tjf  30  niillions  of  quarters  is  equal  to  nearly  one-half  of  our  pre- 
sent consumption*  of  all  kinds  of  grain — so  that  were  it  possible  to  effect 
at  once  this  general  drainage,  a  large  superfluity  of  corn  would  be  raised 
from  the  British  soil. 

This  general  drainage,  however,  cannot  possibly  be  effected  in  any 
given  lime.  Tlie  individual  resources  of  (he  land-owners  are  not  suffi- 
cient to  meet  the  expense,!  "nd  such  calculatic>ns  as  the  above  are  use- 
ful, mainly,  in  stimulating  the  exertions  of  those  who  have  capital  to 
spare,  or  such  an  excess  of  income  as  can  permit  them  to  invest  an  an- 
nual portion  permauenllyt  in  the  soil, 

10°.  He  who  drains  and  thus  improves  hia  own  land,  confers  a 
benefit  upon  his  neighbours  also.     In  the  vicinity  of  wet  and  boggy 

•  ea  milUoiiB  of  qnuters.    Bae  an  excellenl  paper  on  tbis 
ciUUEToi  Journal,  xii ,  p.  50d,  bt  Mr.  Darlgeoo,  of  Spyolaw,  ii 

probably,  [0  tlis  whols  capital  at  preneiu  Iniealod  in  farming  \be\»aii. 

t  Byan  efflciont  itraloaje  the  toll  Is  iisrniBnin^  jan^/ed,  hal  It  Is  not  9U  cigar  tlnl  llie 
mi>n?y  il  f^o^fi  Is  p^rmonently  invested  as 'b'ir\Q'i  In  the  soil  If^lha  coat  ba  reiiaid  by  the 
mcrfnaoof  pmdoce,  In  Wireeyearfl,  themnney  \aniit  invested,  lijacnly  Unt  for  Ihis  period 
loiheaoiU  -I  ilrnlo  80  many  acres  every  yoar"  s=l'l  "le  holder  of  a  large  Bsrwickahiro 
farmlome,  "anrlllliidniysriralirayarepaidby  the  end  of  (lie  third  season.    If  I  han 

hnj.byihei'epeaied  useofUiBaamasum  jfmoney,"  >  . 
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lands  the  linpes  nfihe  industrious  farmer  are  olicn  ilisappoin  d  M  tsi 
are  frequent  and  rains  more  abundant  on  ihe  edges  nf  the  n  oo  nd 
mill-dews  retard  the  maturily,  and  often  seriously  injure  the  ops  Of 
undrained  land,  in  general,  ihe  same  is  true  to  a  leas  exten     and      e 

Sre-sence  of  one  unimproved  properly  in  the  ceulre  of  an  ne  s  u^ 
islrlcl,  may  long  withhold  from  Ihe  adjoiuiug  farms  that  u  e  u  e 
of  benefit  wiiich  the  money  and  skill  expended  upon  them  would  m 
other  circumstances  have  immediately  secured. 

So  true  is  it  in  regard  to  every  now  exercise  of  human  skill  and  in 
every  walk  of  life,  that  we  are  sLt  mutually  dependent,  every  one  upon 
every  other ;  and  that  the  kindly  co-ojieration  nf  all  can  alone  secure 
that  amyJe. return  of  gnod,  whicb  the  culture  either  of  ihe  dead  earth 
or  of  llie  living  intelleot  appears  willing,  and  we  may  hope  is  ultimately 
destined,  to  confer  upon  our,  entire  race. 

11°.  I  -would  not  here  willingly  neglect  to  call  your  attention  (o  a 
higher  benelit  still,  which  the  akilfui  drainage  of  an  extensive  district  is 
filled  to  confer  upon  its  whole  population.  Not  only  is  this  drainage 
equivalent,  as  above  slated,  to  ,a  change  of  climate  in  reference  to  the 
growih  and  ripenino;  of  plants,  but  it  Is  so  also  m  reference  to  the  gene- 
Toi  keallk  of  the  people,  and  to  the  number  and  kind  of  the  diseases  to 
which  they  are  observed  to  be  exposed. 

I  niay  quote  in  illustration  of  this  fact. the  interesting  observaiions  of 
Dr.  WUson  on  the  comparative  state  of  heahh  of  the  labouring  popula- 
tion in  the  district  of  Kelso  during  the  last  two  periods  of  ton  years.  In 
his  excellent  paper  on.  this  subject,  in  the  Quarterly  Journal  ofAgriciiU 
tare,  (volume  xii.,  p.  317),  he  has  shown  that  fever  and  ague,  which 
formed  nearly  one-half  of  all  the  diseases  of  the  population  during  ihe 
former  leu  years,  have  almost  wholly  di9T[)peared  during  the  latter  ten, 
in  consequence  of  the  general  extension  of  an  efficient  drainage  Ihcoiigh- 
out  the  (»uniry  ;  while,  at  ihe  same  time,  the  lalality  of  disease,  or  the 
comparative  number  of  deaths  from  every  hundred  cases  of  serious  all- 
.ment,  has  diminished  in  proportion  of  J-6  to  2-59.  Such  beneficial  re- 
sults, though  not  immediately  sought  for  by  the  practical  farmer,  yel 
are  the  inevitable  consequence  of  his  successful  exertions.  Apart,  there- 
fore, from  mere  considerations  of  pecuniary  profit,  a  desire  to  promote 
the  general  conilbn  and  happiness  of  the  entire  inhabitants  of  a  district 
may  fairly  influence  the  possessors  of  land  (o  promote  ihis  method  of 
ameliorating  tiie  soil ;  while  the  whole  people,  on  the  other  hand,  nf 
whatever  class,  ought  "gratefully  to  acknowledge  the  value  of  those  im- 
provements which  at  once  render  bur  homes  more  salubrious  aiid  our 
fields  more  fruirful." 


The  practical  beneiils  oi'drainlng,  therefore,  may  be  stated  gpnetally 
as  follows  : — 

A-  It  is  equivalent  not  only  to  a  change  of  soil,  but  also  lo  a  change 
of  climate,  both  in  reference  to  tlie  growth  nf  plants  and  lo  the  heallh 


of  the  soil,  both  by  remoui 
y  he  washed  o 


of  the  aubsoil  wliioli  had  previously  prevented  (he  roots  from  deacend- 
'"(?■ 

C.  It  is  a  necessary  preparation  to  (he  many  other  means  of  improve- 
ment which  may  be  applied  to  the  land. 

You  will  now  be  able  to  perceive  in  what  way  it  is  possible  that 
even  light  and  sandy  soils,  or  such  as  lie  on  a  slopmg  surface,  may  be 
greatly  beaefilied  by  draining.  "Where  no  open  outlet  exists  under  a 
loamy  or  sandy  surface  soil,  any  noxious  matters  that  either  sink  from 
above,  or  ooze  up  from  beneath,  will  long  remain  in  the  subsoil,  and 
render  it  more  or  less  unwhol6some  to  valuable  cultivated  plants.  But 
let  such  an  outlet  be  made  by  the  establishment  of  drains,  and  that 
which  rises  from  beneath  will  be  arrested,  while  that  which  descends 
fiom  above  will  escape.  The  rain-waters  passing  through  .will  .wash 
the  whole  soil  also  as  deep  as  the  bottom  of  the  drains,  and  the  atmos- 
pheric air  will  accompany  or  follow  them. 

The  same  remarks  apply  lo  lands  whreh  possess  so  great  a  natural 
inclination  as  to  allow  the  surface  water  readily  to  flow  away.  Such  a 
Blojiing  surface  does  not  necessarily  dry  the  subsoU,  free  it  from  noxious 
substances,  or  permit  the  constant  access  of  the  air.  Small  feeders  of 
water  occasionally  make  their  way  near  lo  the  surface,  and  linger  long 
in  the  subsoil  before  they  make  their  escape.  This  is  in  itself  an  evil ; 
but  when  such  springs  are  impregnated  with  iron  the  evil  is  greatly 
augmented,  and  from  such  a  cause  alone  a  more  or  less  perfect  barren- 
ness not  unfcequently  ensues.  To  bring  such  lands  by  degrees  td  a 
sound  and  healthy  state,  a  mere  outlet  beneath  is  often  alone  sufficient. 

Il  is  to  this  lingering  of  unwholesome  waters  beneath,  (hat  the  origin 
of  many  of  our  monr-lands,  especially  on  higher  grounds,  is  in  a  great 
measure  to  be  attributed.  A  calcareous  or  a  fecruginous  spring  sends  up 
its  waters  into  the,  subsoil.  The.  slow  access  of  air  from  above,  or  it 
rosy  be  the  escape  of  air  from  water  itself,  causes  a  more  or  less  ochrey 
deposit,.*  which  adheres  lo  and  gradually  cements  the  slonts  or  earthy 
particles,  among  which  the  water  is  lodged.  Thus  a  layer  of  solid 
stone  is  gradually  formed — the  Tiioor-land  pan  of  many  districts — which 
neither,  ailttws  the  roots  of  plants  to  descend  nor  the  surface  water  to  es- 
caper._.Hopeless  harrenuessi-therefore,  slowly  ensues.  Coarse  grasses, 
raodscs,  and  heatb.grow  hiid  accumulate  upon  soils  not  originally  in- 
clined to  nourish  them,  and  by  which  a  better  herbage  had  previously 
been  long  sustained.  Of  such  lands  many  tracts  have  been  reclaimed 
b^  breaking  .up  this  nioor-land  pavement,  but  such  an  improvement, 
unless  preceded  by  a  skilful  drmnage,  can  only  be  temporary.  The 
same  natural  process  will  again  begin,  and  the  same  result  will  follow, 
unless  an  outlet  be  provided  ibr  the  waters  from  which  the  petrifying 
deposit  proceeds. 

It  ooglil  lo  be  mentioned,  however,  that  where  a  ready  passage  and 
escapie  for  the  water  is  provided  by  an  efficient  drainage,  and  especially 
in  light  and  porous  soils,  the  saline  and  other  soluble  substances  they 

'  irrliG  vibXsr  cnnlaln  fiu^ptojf  of  Iron,  Ihe  hlr  froia  ebnvenlll  Imparl  ta  tla  irim  an  nrj- 
rtitional  quantiry  df  Dxyff^n,  andcduse  a  poTtiDD  oftL  ID  (a!\.\  In  the  suite  ai  peroxide-  If  Jhe 
Iron  or  trme  be  present  In  the  Hale  of  Arcarhonata,  Ibe  escape  of  csrbonic  ecid  tcoin  the 
yiMet  wilt  raiiae  a  dEpnsit  of  aaimale  of  Itnn  or  of  lime.  Any  of  tlioEe  depoeile  will 
cemcnL  Ihe  oaithy  or  sluijy  parriclea  Inaellior.  Iron,  however.  Is  eonieitmes  held  In  eolU' 
lion  by  an  organic  acid  i_CTatiC),  which  becomes  Insoluble,  and  tUla  along  with  the  iron 
when  the  latter  has  abaotbed  inote  oajfjen  from  the  atmosphere.  i  ~  i 
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contain  will  be  liable,  in  periods  of  heavy  rain,  to  be  more  or  less  com- 
jiletely  washed  ooc  and  carried  off"  by  the  water  thai  trickles  through 
ihem.  While,  therefore,  the  es(ablisfament  of  drains  on  all  soils  may 
adapt  and  prepare  them  for  further  improvements,  and  may  make  (bem 
more  grateful  for  every  labour  or  attention  that  may  be  bestowed  upon 
them — yet  after  drainage  they  must  be  more  liberally  dealt  with  than 
before,  if  the  increased  fertility  they  at  first  exhibit  is  to  be  permanently 
maintained  or  increased. 

§3.   Of  Oie  theory  of  Spyings. 

In  tbe  general  drainage  of  (be  land  a  double  object  is  sought  to  be  at- 
tained. In  very  rainy  districts,  the  first  wish  of  (he  farmer  is  to  carry 
off"  the  surface  water  from  his  fields — but  where  less  rain  falls,  (hat 
which  ascends  from  beneath  in  Bprin|;s,  attraclis  at  least  an  equal  share 
of  [he  husbandman's  regard.  In  draining,  with  a  view  to  the  removal 
of  this  latter  source  of  superfluous  moisture,  a  knowledge  of  the  trne 
theory  of  springs,  as  indicated  by  an  examlnatioQ  of  corluln  geological 
phenomena,  is  of  tbe  greatest  possible  service  lo  the  practical  man,  in 
pointing  out  the'sources  from  which  the  water  that  Injures  his  land  pro- 
ceeds, as  well  as  the  lines  ^long  which  it  may  be  most  efficiently  and 
most  economically  carried  off. 

1°.  The  rain  which  falls  on  the  surface  of  an  extensive  tract  of  country 
partly  escapes  into  ihe  rivers,  and  partly  sinks  into  the  earth.  This 
latter  portion  descends  through  the  covering  of  soil  and  other  loose  nia- 
terials  till  it  reaches  the  rocks  on  which  they  rest.  If  these  rocks  are 
pomira,  like  .many  sand-stones,  or  are  traversed  by  cracks  and  vertical 
fissures,  as  many  sand'Stones  and  lime-slones  are,  it  descends  ihroush 
them  also  till  it  reaches  a  bed,  such  as  one  of  indurated  clsy,  so  close  and 
compact  as  to  resist  its  further  passage.  By  this  inipenrfoiw  bed  the  wa- 
ter is  arrested,  and  is,  therefore,  compelled  to  spread  itself  laterally,  and 
gradually  to  accumulate  in  tlie  beds  that  lie  above  it.     Thus,  if  the 


n  which  falls  from 
o  the  bod  {I),  and,  if  this  be  im- 
permeable 10  water,  will  rest  there,  or  will  slowly  drain  off  in  the  di- 
recuon  if  B  and  C  along  theinthned  surface  of  the  rock.  But  if  (1) 
be  porous,  if  nill  imk  tiirough  it  to  the  surface  of  the  bed  ('2),  niwi 
ihroii:;''   '      ■■'       \'  -ible,  to  (3)  or  (4),  until  it  reaches  ihe  strarum 

ihri)ii_  I       'i        I         I        r^^^^       On  the  surface  of  this  laftpr  bed,   or 
atn    L     I  ii     the  witer  will  accumulale  until,  flowing 

dim  11  I    I    enabled  either  to  sink  among  the  decpiT 

rixlsii  I     II  Tjnn  to  (he  surface. 

Eut  i(  rb-  roi  Ks  bLni  alh  -is  is  'bown  in  the  same  diagram  frotn  E  io 
F,  be  traversed  by  vertical  hsaures  pawing  through  two  or  more,  or,  like 
tbe  ine  represented  from  B  lo  E,  through  a  great  number  of  beds,   tlia 


WATER  IS  ARRESTED  B 
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waler  that  falls  on  llie  surface  will  readily  find  a  passage  downwards  to 
a  lit) nsid crab le  depth,  and  (o  the  same  cracks  rhe  water  that  lodges 
Hinorg  theonfissuredrocksfromD  toE  will  also  gradually  make  iisway. 

The  practical  effects  of  these  several  conditions  on  the  drainage  of  a 
cnnntry  are  very  obvious.  If  the  stratum  (1)  be  impervious  to  water, 
the  surface  from  A  to  B  may  be  full  of  water,  and  may  urgently  de- 
mand the  iutroduction  of  drains,  whereas  if  {!)  and  (2)  be  porous,  the 
surface  waier  will  gradually  sink,  and  the  apparent  necessity  for  artifi- 
cial drainage  will  become  much  less  strilnng.  On  the  other  hand, 
'vhere  ihe  rocks  are  filled  with  fretjuent  cracks,  as  from  B  to  C,  the 
surface  water  may  descend  and  disappear  so  rapidly,  as  !o  render 
useless  the  sinking  of  wells — atid,.  as  in  dry  summers,  greatly  to  retard 
Ihe  |>rogres3  of  the  crops,  or  even  seriously  to  injure  the  produce  of  (he 
harvest.  In  such  a  fissured  state  are  the  magtiesian  lime-stone  rocks  in 
sinnc  parts  of  the  county  of  Durham — and  such  is  the  consequent  scar- 
iity  of  water,  on  some  farms,  that  when,  in  long  droughts,  the  supply 
preserved  in  artificial  tanks  begins  to  fail,  the  cattle  must  be  driven  to 
M'nter  sometimes  for  miles,  to  the  nearest  living  brook. 

2°.  But  water  often  finds  its  way  to  greater  depths  without'  passing 
through  the  superior  strata,  and  even  where  they  are  absolutely  impervi- 
ous 10  Ihe  rains  that  fall  upon  them.  Thus  along  the  country  from  A  to 
B.  and  especially  towards  A,  iho  surface  soil  rests  upon  the  upper  edges 


of  rhe  strata.  Suppose  now  the  beds  1,  2,  3,  to  be  impervious  to  water, 
ibe  rain  that  falls  wherever  these  rocks  lie  immediaielj  beneath  the  siu:- 
I'lire  will  either  remain  stagnam,  or  will  flow  offby  some  natural  drain- 
niin.  Thus  from  the  highest  point  C  in  the  above  diagram,  (he  water 
"ill  descend  on  either  hand  towards  a  and  b.  At  6  it  liay  remain  stag- 
iiiinf,  for  it  cannot  descend  through  the  bed  (21,  which  foroM  the  bottom 
of  the  valley,  and  the  same  is  true  of  the  hollow  c,  in  which  other  por- 
was  ol'ihe  water  will  rest.  All  this  tract  of  country,  therefore,  will  be 
n»re  or  less  cold,  wet,  and  consequently  unproductive.  Bui  lei  the  bed 
(■I),  the  edge  (or  outcrop)  of  which  forms  the  surface  at  a,  be  porous  or 
lietmeable,  then  the  water  which  falls  upon  that  spot  or  which  descends 
from  the  higher  grounds  about  C  and  A,  will  readily  sink  aod  drain  off, 
dtscfiuiling  from  a  towards  li  along  the  inclined  bed  till  it  finds  an  outlet 
11  ihe'lalter  direction. 

Thus  it  may  readily  happen  that  a  naturally  dryand  fertile  valley,  as 
3it  a,  may  exist  at  no  great  distance  from  others,  b  and  c,  which  are 
marshy  and  insalubrious,  and  in  which  anificial  drainage  alone,  can  de- 
velops the  agricultural  capabilities  of  the  soil.  It  appears  also  that, 
though  in  any  district  the  rocks  which  lie  immediaiely  beneath  the  sur- 
face may  contain  no  water,  and  may  allow  none  to  pass  through  them, 
yet  that  other  beds,  perliapa  at  a  great  depth  beneath,  may  contain  much. 
It  ia,  in  fact,  this  accumulation  of  water  beneath  impervious  beds  that 
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jiivps  rise  to  so  many  natural  springs,  and  enaliles  us  tiy  arrifi  jal  ^^cll! 
!o  bring  water  lo  the  surface-soften  where  ihe  land  would  othenviie  ui 
wholly  uninhabitable. 

3°.  Thus  in  undulating  countries,  where  hill-side!4,  freiiuenlly  pre 
sent  themselves,  or  valleys  are  scooped  out  among  the  rocl.'',  as  m  ilii 
following  wood-cut,  the  water  that  has  fallen  over  the  liigh  grounds  i( 


wards  A,  and  has  entered  as  above  descnbed  or  has  sunk  down  to  the 
several  strata  1,  3,  3  &:c  ,  will  find  a  ready  outlet  along  the  slope  of  llie 
valley,  and  will  give  rise  to  spnnss  at  a,  b.  c,  or  d,  according  as  the  wa- 
ter has  Iwlged  in  the  one  or  the  other  of  these  beds.  These  springs  will 
fill  the  surface  soil  with  water,  which  will  also  descend  into  the  hotioia  of 
(he  valley,  and,  if  no  sufficient  outlet  be  provided  for  it,  will,  accordiiig 
to  its  <|ua.ntity,  give  rise  to  a  lake,  a  bog,  or  a  morass.  On  the  slope  to- 
wards B  the  same  spnngs  are  not  to  lie  expected,  since  the  rains  whith 
sinl  ihriiugli  the  surface  on  this  aide  of  the  valley,  and  lodge  in  the  po- 
roii.  roik-,  Ixiip  1(1  mi!  b\  ibe  inthnation  ol  the  beds,  be  drawn  off  in 
the  nil       ii      I  I  I  II  1  -lecond  valley  or  some  other  available  outlet, 

pre  1  111  i|  1=      This  euplains  why  the  land  on  one  side 

of  I     I  rtn  much  dnec  than  on  the  other,  and  why, 

even  lu  l        i        i  h    uii prober's  skill,  an  apparently  more  fertile 

soil  iiid^  f-if-t,  ujii  Of  iiir  props  be  reaped 

4°  Again,  such  an  outlet  for  the  waters  that  rest  among  inclined  strata 
IS  not  uufrequenily  afforded,  without  the  intervention  of  valleys,  and 
even  in  level  orhiUy  rountrips,  by  the  e-^istenreof  eiips  or /au!(5  in  the 
rocks  bpupath      "^uch  a  slip  or  shifting  of  the  beds  ia  represented  in  the 


annexed  diagram, 
B  to  C  appear  to 
example,  which 
at  a  lower  level  c 
almve  ami  below 


which  B  D  is  a  cracli,  along  which  the  strata  from 
■e  dipped  downwards,  so  thai  the  thin  bed  (S),  i'm 
linates  at  6  on  the  one  side  of  the  crack,  begins  agaiii 
the  other  side,  and  so  with  the  other  beds  that  lie 
None  of  th^ra  is  exactly  c 


of  the  slifi-  From  such  cracks  or  faults  in  the  beds,  springs  of 
water  aflv.o  rise  to  the  surface;  evei!  on  hill  tojis,  as  at  B,  and  they  niiiy 
be  thus  thrown  or  forced  out  from  either  of  two  causes — 

1.  These  sli|>s  are  ollen  of  considerable  width,  and  are  usually  fiiutnl 
to  be  filled  with  impervious  clay.  This  is  the  case  at  least  among  the 
coal  measures,  which  have  been  the  most  extensively  explored-  The 
eiTcct  of  this  wall  of  clay  is  to  dam  back  at  B  D  tlie  water  which  de- 

I  .„■;:;.  Google 


scends  along  the  inclined  Ijeds  towards  C  from  the  country  beyond  A, 
and  thus  to  arrest  its  further  progress.  But  the  pressure  of  ike  water 
behind  forces  that  which  has  reached  the  fault  B  D  to  seek  a  way  up- 
wards, and,  as  spaces  not  anfreqaently  esist  between  the  wall  of  clay 
aad  the  rocks  between  which  it  SFtands,  the  water  finds  a  more  or  less 
ready  outlet  at  the  surface  B,  and  either  gushes  forth  as  a  living  and 
welcoBie  spring,  or  ooaes  ■  out  unseen  aiilong  the  soil,  leadering  it  cold, 
wet,  and  unproductive.  Thus  from  b  the  water  accumulated  in  the  bed 
(2)  may  rise  to  the  surface,  or  from/that  which  exists  in  (4),  or  from 
any  other  bed  in  which  water  exists,  and  from  almost  any  depth, 

2.  But  even  where  no  such  wall  of  clay  exists,  tha  waters  may  still 
find  their  way  to  the  surface  along  lines  of  fault,  and  from  great  depths. 
Thus  suppose  the  thin  bed  (2)  to  be  full, of  water,  and  that  it  is  covered 
by  an  impervious  bed  (1),  then  the  water  which  tends  downwards  from 
a  10  b  will  tie  arrested  at  the  fault,  and  dammed  back  bv  the  impervious 
Bxlreiriity  of  (1)  against  which  it  now  rests.  If  an  outlet  can  be  found, 
it  will  therefore  rise  towards  the  surface.  And  as  the  rocks  incline  up- 
wards in  the  direetbn  of  A,  the  pressure  from  behind  may  easily  cause 
the  water  to  ascend  to  the  suirimit  of  the  hill  at  B,  and  Wguah  out  in  a 
more  or  less  copious  spring. 

5°.  Where  no  natural  outlets  of  the  kind  above  described  exist  in  a 
district,  there  may  be  a  great  scarcity  of  water  on  the  surface,  while 
abundance,  as  we  have  already  seen  (2°),  may  cslat  in  the  rocks  be- 
neath, ready  and  willing  to  rise  if  a  passage  be  opened  for  it.  Such  is 
the  case  with  the  site  of  the  city  of  laondon,  represented  below : — 


4.  Ohalh, 


The  rain-water  which  falls  between  a  and  A  on  (he  one  hand,  and 
upon  the  plastic  clay  and  chalk  between  d  and  B  on  the  other,  sinks  into 
these  two  beds  and  rests  in  them  till  it  finds  an  escape.  It  cannot  rise 
through  the  great  thickness  of  impervious  clay  on  which  London  and  its 
neighborhood  stands,  unless  wbeiq  wells  are  snnlt,  as  above  represented 
at  a,  b,  0,  d,  either  into  the  plastic  clay  (3),  or  into  the  chalk  (4),  when 
the  water  ascends  copioitsly  till  it  reaches  the  general  level  of  the  country 
about  St.  Alban'si  the  lowest  part  of  the  basin  where  the  permeable  beds 
form  the  surface.  Hence  in  the  vale  of  the  Thames  at  6,  it  rises  above 
the  surface,  and  forms  a  Uving  spring,  while  at  other  places,  as  at  a.  c,  d, 
it  has  still  to  be  pumped  up  from  a  greater  or  less  deptjj.*     It  is  the  eit- 
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islence  of  water  beneath  the  surface  where  the  soils  rest  on  impermea 
ble  beds,  and  the  known  tendency  of  these  waters  to  rise  when  a  boring 
is  sunk  to  them,  that  have  given  rise  to  the  estabUshment, of  Artesian* 
wells,  so  frequentlj  executed,  and  with  so  much  suticess,  in  recent  times. 
There  is  probably  no  geological  fact  that  promises  hereafter  to  be  of  more 
practical  value  to  manliihd,  when  good  government  and  the  artsof  peace 
shaU  obtain  a  permanent  resting-place  in  those  countries  where,  without 
irrigation,  the  soU  reraians  hopelessly  barrea.  Wherever  a  living  spring 
borats  out  in  the  sands  of  Arabia,  in  the  African  deserts,  or  in  the  parched 
plains  of  South  America,  an  island  of  perennial  verdure  delights  the  eye 
of  the  weary  traveller,  and  wherever  in  such  countries  the  labour  of  man 
has  been  expended  in  digging  wells,  and  in  raising  water  from  them  Ibr 
artificial  irrigation,  the  same  beauty  and  fertility  always  ajipear.  It 
has  recently  been  found  that  the  oases  of  Thebes  and  Gatba,  in  Upper 
Egypt,  where  the  blown  sands  now  hold  a  scarcely  disputed  dominion, 
are  almost  riddled  with  wells  sunk  by  the  ancient  Egyptians,  but  for  the 
greater  part  long  since  filled  up.  The  re-opening  of  such  wells  might 
restore  to  these  regions  their  long-lost  fertility,  as  the  sinking  of  new 
ones  by  our  easier  and  more  economical  metliods  might  reclaim  many 
other  wide  tracts,  and  convert  them  to  Ihe  use  of  man.  In  contemplating 
what  man  may  do,  when  his  angry  passions  and  his  prejudices  do  not 
iuterfere  with  the  exercise  of  his  natural  dominion  over  dead  toatter,  it  is 
not  unreasonable  to  hope  that,  guided  by  such  indications  of  natural 
science,  human  industry  may  hereafter,  by  slow  degrees,  re-establish'  its 
power  in  loDg-deserted  regions  of  country,  spreading  abundance  over  the 
broad  wilderness,  staying  the  Arab's  wandering  foot,  and  fixing  his 
household  in  a  permanent  and  plenteous  home. 

6°.  It  not  unfrequently  happe:)s  that  alternate  layers  of  sand  and  clay 
overipreid  the  rocks  of  a  country  and  act  in  arresting  or  in  Oiroicmff  out 
the  surlace  water  n  the  sa  ae  manner  as  t!  e  sol  d  strata  beneat        Thus 


under  the  surface  A  B  here  represented,  alternate  layers  of  sand  and  clay 
overspread  the  inclined  beds  of  rock,  and  alone  aSect  not  only  the  qual- 
ity but  the  state  of  dryness  also  of  the  soil. 

The  rain  which  falls  on  the  upper  bed  of  sand  will  sink  no  further 
dian  the  first  bed  of  clay,  and  will  appear  as  a  spring,  or  will  form  a 
■wet  band  along  the  side  of  the  hill,  at  a.  That  which  falls  or  exists  in 
the  second  bed  of  sand  will  in  like  manner  come  to  day  at  b,  c,  and  d,  e, 

millions  of  gallons  neekly.    Tlila  number  of  nelis  liae  since  been  increesed,  and  Is  stilt 


filling  the  two  vallies  more  or  less  with  water,  and  forming  wet  tractsoJ' 
country  resting  upon  a  lower  bed  of  impervious  clay. 

Id  endeavouriog  to  form  a  aausfactory  opinion  as  to  the  best  mode  of 
draining  a  piece  of  land,  it  is  of  great  importance  to  be  able  to  determiaa 
not  only  the  immediate  natural  source  of  the  water  we  are  desirous  lore- 
move,  but  also  Ihe  probable  quantity  it  may  be  necessary  to  carry  off, 
and  the  permanence  of  the  supply.  It  is  well  known,  for  cuample,  that 
in  many  spots,  when  the  accumulaled  waters  are  once  carried  off,  there 
remains  only  a  small  and  probably  inlermitdDg  supply,  for  which  an 
ouctee  is  afierwards  (o  be  left  and  kept  open  ;  while  in  other  localities  a 
constant  stream  of  water  is  seen  to  pass  along  the  drains.  In, connection 
with  this  point  it  is  of  consequence  to  make  out  whether  the  water  is 
thrown  out  by  surface  ciays,  as  in  this  latter  diagram,  or  flows  from 
among  the  solid  rocks  at  o  greater  or  less  depth — as  shown  in  the  prece- 
ding wood-cuts.  That  which  is  thrown  out  by  beds  of  clay  is  in  most 
cases  derived  only  from  the  rains  that  fall,  and  is,  therefore,  liable  to  in- 
termit, to  cease  altogetlier,  or  to  become  more  copious,  according  as  the 
season  is  dry  or  otherwise ;  while  that  which  escapes  from  a  bed  of  rack, 
being  independent  of  Che  seasons,  will  seldom  vary  in  quantity.  Thus 
it  happens  that  where  sia-face  water  only  stagnates  in  the  soil  of  adislrict, 
a  warm,  dry,  and  long  continued  summer  may  cause  it  to  yield  a  crop 
of  unusual  encellence,  while  other  soils  fed  by  springs  from  beneath  may, 
even  m  such  seasons,  still  retain  moisture  enough  to  render  them  unfit  to 
rear  and  ripen  a  profitable  crop  of  com. 

7'  Thpre  remains  one  other  interesting  principle  connected  with  this 
'Jnbjcct,  wIulIi  I  moit  briefly  explain  to  you.     Let  C  and  D  in  the  ac- 


ttiraugn  H 
„ pass  off  only  by  the  uatural  in- 
clination ofthe  ground,  and  let  E  be  a  porous  bed  from  which  the  water 
finds  a  ready  escape  somewhere  towards  the  right.  Then  if  a  boring 
be  sunk  through  C  an^  D  in  any  part  of  this  tract  of  country,  the  wa- 
ter will  descend,  and  will  be  absorbed  by  the  bed  E.  Sueh  dry,  porous 
or  absorbent  beds  exist  in  many  localiries,  and  the  skilful  drainer  may 
occasionally  avail  himself  of  then' aid  iii  easily  and  effecmally  freeing 
land  from  water,  which  could  not  without  great  cost  be  permanently 
drained  by  any  other  method.  Where  water  collects  on  a  surface  rest- 
ing upon  chalk,  or  upon  the  loose  sands  beneath  il,  this  method  of  boring 
is  frequently  had  recourse  to  in  some  of  ooraouthem  counties.  One  dan- 
ger, however,  is  to  he  guarded  against  in  trying  this  method,  that  tiie 
bore-rod,  namely,  may  enter  a  bed  which  is  full  of  water,  and  from 
which,  as  in  Artesian  wells,  it  may  readily,  and  in  considerable  quantity, 
ascend.  Such  a  boring  it  is  obvious  would  only  add  to  the  evil,  and 
might  render  necessary  a  larger  outlay  in  establishing  an  efficient^sys-        r 
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lemofdrainageby  the  ordinary  methoJ,  than  would  otherwise  have  been 
required.* 

I  do  not  enler  into  any  further  details  in  regard  to  the  application  of 
these  principles  to  the  practice  of  draining,  being  satisfied  that  when  you 
have  once  mastered  the  principles  themselves,  ihe  applications  will 
readily  suggest  themselves  to  your  own  minds  when  cireurasiBnees  re- 

5  4.   Of  ploughing  and  suhsoiling, 

I.  Ploughing. — Apart  from  the  obvious  efiectof  ploughing  the  land, 
in  destroying  weeds  and  insects,  ihe  itnmediaie  advantage  sought  for 
by  the  fatmet  is  the  reduction  of  his  soil  to  a  stale  of  minute  division. 
In  this  Slate  it  is  not  only  more  pervious  to  the  roots  of  his  corn,  but  it 
also  gives  a  more  ready  admission  to  tlie  air  and  to  water. 

Of  the- good  effects  produced'by  the  easy  descent  and  escape  of  water 
from  the  surface,  I  have  already  spoken  (p.  306),  but  the  [recaieability 
of  the  soil  to  air  is  no  less  useful  in  developing  its  natural  powers  of  pro- 
duction. How  important  the  presence  of  the  air  is  both  to  the  mainten- 
ance of  animal  and  to  the  support  of  vegetable  life,  we  have  had  fre- 
(juent  occasion  to  observe.  By  its  oxygen  the  breathing  of  animals  is 
sustained,  and  by  its  carbonic  acid  the  living  plant  is  fed.  On  the  earthy 
particles,  of  which  the  soil  consists  also,  the  influence  ^of  these  gaseous 
substances,  though  not  so  v^ible  and  striking,  is  of  alraost  equal  conse- 
quence in  the  economy  of  nature.  Among  other  immediate  benefils 
derived  from  the  free  access  of  air  into  the  soil,  we  may  enumofate  the 
fol  lowing; : — 

1°.  The  presence  of  oxygen  in  the  soil  is  necessary  to  the  healthy 
germination  of  all  seeds  (page  133),  and  it  is  chiefly  because  ihey  are 
jilaeed  beyond  its  reach,  that  those  of  many  plants  remain  buried  for 
years  without  aignsof  life,  though  they  freely  sprout  when  again  brought 
to  the  surface  and  exposed  to  the  air,  "We  have  also  seen  reason  to  be- 
lieve (page  77),  that  the  roots  of  living  plants  require  a  supply  of 
oxygen  in  order  that  (hey  may  be  maintained  in  a  healthy  condition. 
Such  a  supply  can  only  be  obtained  where  the  soil  is  sufficiently  open 


o  permit  the  free  ci 
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vhlch  Iha  water  disappears.  11)'  desoendlii;  still  fonhsr,  a 
aecood'supply  orwatermoy  olten  be  ronni,  but  wbich  wtll 
naturallv  Ascend  uo  fluther  tlan  Ihe  abserbent  bad,  bj  wblcb 
Ihfl  whiie  snpplj  will  be  dHint  up,  if  not  jirerenlBiJ  bj  Ihe 
inBeitloo  of  0,  jii«Itd  p^pc.  Ariiantage  is  Bometlinu  taken  of 
Ibe  known  eiisienoo  of  euoh  abaorbant  nlmiii,  not  only  for  the 
prnpaaea  oC  dnlnbw ,  but  also  (or  removing  -vaBte  water  of 
THdous  tiads.  An  Inters  aUii|[  exampla  of  bum  ippUctitJoo  Is 
to  be  sesQUBt.  Donia,  la  the  Pliae  am  Gosldrei,  wtasre  tbe 
WBWr  tnim  tho  bed/at  Ibe'd^piH  afena  feel  aicaoda  throogb 
Ihol[martut]eft»-(WiiDapo(bErbe<J«,BC  isafeet,  Abroad  the 
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2".  Ill  the  presence  of  air  the  decomposition  of  the  vegetable  mattei: 
of  the  soil  proceeds  more  rapidly — il  is  more  speedily  resolved  into  those 
simpler  forms  of  iaatter,  carbonic  acid  and  water  chiefly  (page  152), 
which  are  fitted  to  minister  to  the  growth  of  new  vegetable  races.  In 
the  absence  of  the  air  also,  not  only  does  this  decomposition  proceed 
more  slowly,  but  the  suhstaoces  immediately  produced  by  it  are  fre- 
quently unwholesome  to  ihe  plant,  and  therefore  fitled  to  injure,  or  ma- 
terially (o  retard,  its  growth. 

3°.  When  the  oxygen  of  the  air  is  more  or  less  excluded,  the  vege- 
table matter  of  the  sot)  lalies  this  element  from  such  of  lie  earthy  sub- 
stances as  it  is  capable  of  decomposing,  and  reduces  them  lo  a  lower 
state  of  oxidation.  Thus  it  converts  the  red  or  per-oxide  of  iron  into 
the  prot-onide  {p.  211),  and  it  acts  in.  a  similar  manner  upon  ihe  oxides 
of  manganese  (p.  21S).  It  also  talies  their  oxygen  from  the  sulphates  {as 
from  gypsum),  and  converts  them  into  aulphurets.  These  lower  oxides 
of  iron  and  manganese  are  injurious  to  vegetation,  and  it  is  one  of  the 
beneficial  purposes  served  by  mrning  up  the  soil  in  ploughing,  or  b^ 
otherwise  loosening  it  so  as  lo  allow  the  free  admission  of  afiuosphenc 
air,  that  the  natural  production  of  these  oxides  is  either  in  a  great  mea- 
sure prevented,  or  that  when  produced  they  speedily  become  harmless 
again  by  the  absorption  of  an  additional  dose  of  oxygen. 

4°.  Further,  there  are  few  soils  which  do  not  contain,  in  some  quan- 
tity, fragments  of  one  or  other  of  those  compound  mineral  substances  of 
which,  in  a  previous  lecture,  (xii.,  p.  257,)  we  have  seen  the  crystalline 
rocks  to  consist — of  hornlilende,  of  mica,  of  felspar,  &c.,  in  a  decom- 
posing state.  From  lliese  minerals,  as  they  decompose,  the  soil,  and 
therefore  the  plants  that  grow  in  it,  derive  new  suppUes  of  several  of 
those  inorganic  subaiances  which  are  necessary  to  the  healthy  tiourisli- 
ment  of  cultivated  crops.  .  The  continued  decomposition  of  these  mine- 
ral fragments  is  aided  by  the  access  of  air,  and  near  its  surface,  in  an  es- 
pecial manner,  by  the  carbonic  acid  which  the  air  contains.  A  stale  of 
porosity,  therefore,  or  a  ftequent  exposure  to  the  air,  is  favourable  to  the 
growth  of  (he  plant,  by  presenting  to  its  roots  a  larger  abundance  not  only 
of  organic  but  also  of  inorganic  food. 

5'.  Again,  that  productibn  of  ammonia  and  of  nitric  acid  in  the  soil, 
to  which  I  drew  your  especial  attention  on  a  former  occasion  (pages  157 
and  160),  as  apparently  of  so  much  consequence  to  vegetable  life,  takes 
place  more  rapidly,  and  in  larger  quantity,  the  more  frequently  the  land 
is  turned  by  the  plough,  broken  by  the  clod-crusher,  or  stirred  up  by  ihe 
liarraw.  Whatever  amount  of  either  of  these  compounds,  also,  the  sur- 
face soil  is  capable  of  extracting  from  the  atmosphere,  the  entire  quan- 
tity thus  absorbed  will  evidently  be  greater,  and  its  distribution  more 
uniform,  the  more  completely  the  tehole  soil  has  been  exposed  to  its  in- 
fluence. It  is  for  this,  amSng  other  reasons,  that,  as  every  farmer  knows, 
the  better  h^  can  plough  and  pulverise  bis  land,  the  more  abundant  in 
general  are  the  crops  he  is  likely  to  reap. 

6°.  Nor  lastly,  ihotigh  in  great  part  a  mechanical  benefit,  is  it  one  of 
little  moment  that  when  thus  every  where  pervious  to  the  air,  the  roots 
also  can  penetrate  the  soil  in  every  direction.  None  of  the  food  around 
them  is  shut  up  from  the  approach  of  their  numerous  fibres,  nor  are  they 
prevented,  by  the  presence  of  noxious  substances,  from  throwing  out 
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to  which  the  aic  and  the  roots  have  everywhere  ready  access,   wiii, 

though  shallow,  less  frequently  disappoint  the  hopes  of  the  husbandman, 

— ^han  where  a  greater  depth  prevails,  less  permeable  to  the  air,  aud 

therefore  less  wholesome  to  the  growing  roots. 

II.  Sabsoit  Ploughing, — And  yet,  as  a  general  rule,  it  cannot  be  de- 
nied that  a  deep  soil  is  greatly  superiot  in  value  to  a  shallow  soil  of  the 
same  nature.  It  is  so  both  to  the  owner  and  to  the  occupier,  though  jn 
too  many  cases  the  available  qualities  of  deep  soils  have  hitherto  been 
more  or  less  overlooked  and  neglected. 

The  general  theoretical  principle  on  this  subject — that  the  deeper  the 
soil  the  longer  it  may  be  cropped  without  the  risk  of  exhaustion,  and  ihe 
greater  the  variety  of  crops,  deep  as  well  as  shallow-rooted,  which  may 
be  grown  upon  it — is  so  reasonable  in  itself,  as  to  command  a  ready  ac- 
quiescence. But  a  soil  is  virtually  shallow  where  a  few  inches  of  porous 
earth,  often  turned  by  the  plough,  rest  Upon  a  subsoil,  hard,  stiff,  and  al- 
most impervious, — and  the  practical  farmer  will  rarely  be  willing  to 
allow  the  depth  of  the  latter  to  influence  hia  opinion  in  regard  to  the  gene- 
ral value  of  the  land.  And  in  this  he  is  so  far  correct,  that  a  subsoil 
must  be  dried,  opened  up,  mellowed  by  the  air,  and  rendered  at  once 
pervious  and  wholesome  to  the  roots  of  plants,  before  it  can  be  made 
available  for  the  growth  of  com.  This  may  be  effected,  afler  dToining, 
by  the  use  of  the  stibsoil  plough,  an  instrument  at  present,  I  believe, 
unequalled  for  giving  a  real,  practical,  and  money-value  to  stiff  and 
hitherto  almost  worthless  clayey  subsoils.  It  is  an  auxiliary  both  to  the 
surface  plough  and  to  the  drain,  and  the  source  of  its  efficacy  will  appear 
from  the  following  eonsideralions  : 

1°.  The  surface  plough  turns  over  and  loosens  the  soil  to  the  depth  oV 
6  to  10  inches — the  subsoil  plough  tears  open  and  loosens  it  to  a  further 
depth  of  8  or  10  inches.  Thus  the  water  obtains  a  more  easy  descent, 
and  the  air  penetrates,  and  roots  more  readily  make  their  way  among 

the  particles  of  the  under-soil.     So  far  it  is  an  auxiliary  to  the  c 

plough,  and  assists  it  in  aerating  and  mellowing  the  soil. 

Q°.  But  though  it  opens  up  ijbe  soil  for  a  time  to  a  gre: 
subsoil  plough  will  in  most  cases  aflbrd  no  pei 
ciencies  of  the  subsoil,  if  unaided  by  the  dra 
an  indurated  substratum — upon  a  calcareous  o 
may  tear  it  up,  may  thus  allow  the  surface  w£ 
]y  benefit  the  land  ;  but  the  same  petrifyia^  ai 
(he  benefit  of  the  subsoiling  will  slowly  disappear.  Or,  if  the  subsoil 
contain  some  noxious  ingredients,  such  as  salts  of  iron,  which  the  ad- 
mission of  air  is  fitted  to  render  harmless,  then  the  use  of  this  plough 
may  afford  a  partial  amelioration.  But  in  this  case,  also,  the  effect  will 
be  only  temporary  ;  since  the  source  of  the  evil  has  not  been  removed, 
the  same  noxious  compounds  will  again  be  naturally  produced,  or  will 
again,  in  fresh  supplies,  be  conveyed  into  the  soil  by  springs.  Or,  if  the 
subsoil  be  a  stiff  clay,  containing  no  noxious  ingredient,  it  may  be  cut,  or 
for  the  tipae  torn  asunder,  but  scarcely  will  the  plough  have  passed  over 
it  till  the  particles  will  be  again  cementeU  together,  and  probably,  by  the 
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end  of  a  single  seaeoii  at  the  furtliesl,  the  under-soil  may  be  as  solid  and 
impermeable  as  ever. 

It  is  as  the  follower  of  the  drain,  llierefore,  in  the  course  of  improve- 
ment, that  the  subsoil  plough  finds  its  most  beneficial  and  most  economi- 
cal use.  After  land  has  been  drained,  the  water  may  stiil  too  slowly 
pass  away,  or  the  air  may  have  too  imperfect  an  entrance  into  the  stjh- 
Eoil  from  which  the  drains  have  removed  the  water,  lo  the  former  casff, 
the  subsoil  plough  must  be  employed,  ia  order  that  the  draiLs  may  be- 
come fully  efficient;  in  the  latter,  that  the  under-layers  may  be  opened 
up  to  all  the  beneficial  influences  which  the  almosphere  is  fitted  lo  exert 
upon  them.  In  this  respect  it  is  en  ausiliary  (o  the  drain.  But  as  the 
full  eflect  which  the  subsoil  plough  is  capable  of  producing  upon  stifi' 
and  clayey  subsoils,  can  only  be  obtained  after  they  have  been  brought  lo 
such  a  slate  of  dryness  that  the  sides  of  the  cut  or  tear,  which  the  plnoah 
has  made,  will  not  again  readily  cohere,  it  is  of  importance  that  the 
drains  should  be  allowed  aconsiderable  lime  to  operate  before  the  use  of 
this  plough  is  aifempted.  The  expense  of  the  process  is  comparatively 
great,  and  this  expense  will  be  in  a  great  measure  thrown  away  upon 
clay  lands,  which  are  undrained,  or  from  which  the  water,  either  through 
defective  draining,  or  from  the  want  of  sufficient  time,  has  not  been  able 
fully  to  flow  away.  There  are  few  kinds  of  clay  land  on  which  the  ju- 
dicious use  of  this  valuable  instrument  will  not  prove  both  actually  and 
economically  useful,  though  from  the  neglect  of  the  above  necessary  pre- 
cautbn,  it  has  been. found  to  fail  in  the  bands  of  some.  Such  failures, 
however,  do  not  justify  us  in  ascribing  to  some  fancied  defect  in  the  in 
striinieot,  or  in  the  theory  upon  which  its  use  is  recommended,  what  ne- 
cessarily arose,  and  could  have  been  predicted,  from  our  own  neglect  of 
an  indispeusable  preliminary  observation.  The  sanguine  anticipations 
of  its  inventor,  Mr.  Smith,  of  Deanston,  may  not  be  fully  reahzed,  yet 
the  value  of  the  subsoil  plough  itself,  and  (heneneflta  it  isfitied  to  confer, 
when  rightly  used,  appear  to  me  to  be  both  iheoretically  and  practically 
established. 

^5.  Of  deep-phughing  and  trenching. 

Deep-ploughing  and  (renchingdiffer  from  ordinary  and  subsoil  plough- 
ing in  this, — that  their  special  object  is  to  bring  to  the  surface  and  lo  mix 
with  the  upper-soil  a  portion  of  that  which  has  lain  long  at  a  consider- 
able depth,  and  has  been  more  or  less  undisturbed. 

The  benefit  of  such  an  admixture  of  fresh  soil  is  in  many  localities  un- 
doubted, while  in  others  ihe  practical  farmer  is  decidedly  opposed  to  it. 
On  what  principle  does  its  beneficial  action  depend,  and  in  what  circum- 
Btancea  is  it  likely  to  be  attended  with  disadvantage  ? 

1".  It  is  known  that  when  a  heavy  shower  of  rain  falls  it  sinks  into 
the  soil,  and  carries  down  with  it  such  readily  soluble  substances  as  it 
meets  with  on  the  surface.  Bui  other  substances  also,  which  are  more 
sparingly  soluble,  slowly  and  grsdually  find  Iheir  way  into  the  subsoil, 
and  there  more  or  less'  permanently  remain.  Among  these  may  be 
reckoned  gg'psi;m,  and  especially  those  silicates  of  potaSi  and  soda  al- 
ready spoken  of  (page  206),  as  apparently  so  useful  to  corn-growing 
plants.  Such  substances  as  these  naturally  accumulate  beyond  the 
reach  of  the  ordinary  plough.     Insoluble   substances  likewise  slowly 


sink.  Tffis  is  well  known  to  bo  (he  cnse  wilh  lime,  when  laid  npon  or 
ploughed  into  the  land.  So  it  ia  with  clay,  when  mixed  with  a  surface 
soil  of  aand  or  peat.  Thev  all  descend  till  ihey  get  beyond  the  reach  of 
the  common  jilough — and  more  rapidly  it  ia  said  (in  Lincolnshire) 
when  laid  down  to  grass,  than  when  they  are  constanlly  brought  to 
the  surface  again  in  arable  culture.  Thus  it  happens  (hat  after  the  sur- 
face s  !  bet  m  xl  u  ted  of  one  or  other  of  those  inorganic  compounds 
which  th  op  1  an  ample  supply  of  it  may  be  still  present  in 
the  siib  1  h  g!  n  1  turned  up,  unavailable  for  the  promotion  of  -ve- 
gelabl    g        h 

Th  an  be  I  ttl    question,  I  ihink,  that  the  greater  success  which 

attend      h  odu       n  of  new  implements  in  the  hands  of  belter  in- 

sfructed  n  n  up  n  farms  long  held  in  arable  culture,  is  to  be  ascribed  in 
part  !  b  au  O  tenant,  during  a  long  lease,  has  been  in  (be 
habit  of  ploughmg  to  a  dcplh  of  three,  or  at  most,  petliaps,  of  four 
iriclies — and  from  this  surface  the  crops  he  has  planted  have  derived  their 
chief  supplies  of  inorganic  food.  He  has  Umed  his  land  in  llie  customary 
manner,  and  Jias  Jaidupon  it  all  the  manure  he  could  raise,  but  his  crops 
have  been  usually  indifferent,  and  he  considers  the  land  of  comparative- 
ly little  value.  But  another  tenant  comes,  and  wth  better  implements 
uiriis  up  the  land  to  a  deplh  of  7  or  8  inches.  He  thus  brings  to  the  sur- 
face ilie  lime  and  the  accumulated  manures  -which  have  naiurally  sunk, 
and  which  his  predecessor  had  permitted  year  after  year  to  bury  tliem- 
seives  in  his  subsoil.  He  thus  has  anew,  often  a  rich,  and  almost  always 
a  virgm  soU  to  work  upon — one  which,  from  being  long  buried,  may  re- 
quire a  winter's  exposure  and  mellowing  in  the  air,  but  wliicli  in  nloal 
cases  is  sure  to  repay  him  for  any   extra   cost.     The   rfeep  ploughing 

h  ch  descends  to  14  inches,  or  the  trenching  which  brings  up  a  new 

v>  i  from  the  depth  of  20  or  30  inches,  is  only  an   extension  of  rhe  same 

)   act  ce      It  IS  justified  and  recommended  upon   precisely  the   saiue 

p   DC  pie      It  not  only  brings  a  new  soil,  containing  ample  nourishment, 

he     mmediale  roots  of  plants,  but  it  aUbrds  them  also  a  deeper  and 

e  open  subsoil,  through  which  their  fibres  may  proceed  in  every  di- 

c  on  n  "Jearch  of  food.  The  full  benefits  of  this  deepening  of  tlie  soil, 
1  e  er  can  only  be  expected  where  the  subsoil  has  previously  been 
laid  dry  by  drains ;  for  it  matters  not  how  deep  (he  loosened  and  perme- 
able soils  may  be,  if  the  accumulation  of  water  prevent  the  roots  from 
descending. 

2°.  Two  practical  observations,  however,  may.  here  be  added,  which 
the  intelligent  farmer  will  always  weigh  well  before  he  hastily  applies 
Wiis  theoretical  principle — sound  though  it  undoubtedly  he — in  a  district 
wilh  which  he  has  no  previous  acquaintance.  It  is  possible  that  the 
deeper  soil  may  contain  some  substance  decidedly  noxious  to  vegetation. 
In  such  a  case  it  would  be  improper  at  once  to  mix  it  with  the  upper 
soil.  Good  drains  must  be  established,  they  must  be  allowed  some  time 
10  act,  and  the  subsoil  plough  will  be  used  with  advantage,  before  any 
portion  of  such  an  under-soil  can  be  safely  brought  lo  (he  surface.  The 
subsoil  plough  and  the  drain,  indeed,  as  I  have  already  mentioned,  are 
the  most  certain  available  remedies  for  such  a  state  of  the  subsoil..  In 
many  localities,  however,  the  exposure  of  such  an  under-soil  to  a  winter's 
frost,  or  to  a  summer  fallow,  will  so  fat  improve  and  mellow  it,  as  toren- 
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der  it  capable  of  being  safely  mined  with  the  surface  soil.  Unless,  how- 
ever, this  laellomng  be  effected  at  once,  and  before  admixture,  a  long 
time  iiiay  elapse  ere  the  entire  soil  attain  to  its  moat  perfect  condition.* 

Again,  it  is  known  that  some  districts,  for  reasons  perhaps  not  well  un- 
derstood, are  more  infested  thao  others  with  insects  that  altack  the  com 
or  other  crops.  These  insects,  their  eggs,  or  iheir  larvse,  generally  bury 
ihemselvea  in  the  undisturbed  sot!,  immediately  beyond  the  ordinary 
reach  of  the  plough.  If  they  remain  wholly  undisturbed  during  (he 
preparation  of  ihe  soil,  some  species  remain  in  a  dormant  stale,  and  the 
subsequent  crop  may  in  a  great  measure  escape.  Plough  the  land  deep- 
er than  usual,  and  you  bring  ihem  all  lo  the  surface.  Do  this  in  the 
autumn,  and  leave  your  land  unsown,  and  the  frost  of  a  severe  winter 
may  kill  thegreater  part,  sothat  your  cropsmay  thereafter  grow  in  safety. 
But  cover  them  up  again  along  wiih  your  winter  i»rn,  or  let  this 
dteu  ploughing  be  done  in  the  spring,  and  you  bring  alJ  these  insects 
within  reach  of  the  early  sun,  and  thus  call  ihem  to  life  in  such  num- 
bers as  almost  lo  ensure  the  destruction  of  your  coming  cro|i.  It  is  to 
something  of  this  kind  thai  I  am  inclined  to  attribute  the  immediate  fail- 
ures which  have  alLeoded  the  trial  of  deep  ploughing  in  certain  parls  of 
England,  Thus  in  Berkshire,  certain  soils  which  are  usually  ploughed 
to  a  depth  uf  only  two  inches,  yielded  almost  nothing  when  deeper  plough- 
ing was  more  lately  tried  upon  ihem— the  crop  was  almost  entirely  de- 
stroyed by  insects.  So  also  in  the  north  of  Yorkshire,  where  deep 
ploughing  has  receiitly  been  attempted,  the  wheal  crop  on  land  so  treated 
was  observed  lo  suffer  more  from  the  worm  than  on  any  other  spot. 
Such  facts  as  these,  therefore,  show  the  necessity  of  caution  on  the  part 
ofihe  practical  man,  and  especially  of  the  land  ageni  or  steward,  how- 
ever correct  may"  be  the  principles  on  which  his  general  practice  is 
founded.  Failures  such  as  the  above  do  not  show  the  principle  on  which 
deep  ploughing  is  recommended  to  be  false,  or  the  practice  to  be  in  any 
case  reprehended :  bu!  il  does  show  (bat  a  knowledge  of  natural  local 
peculiarities,  and  some  study  of  ancient  local  practice,  may,  in  an  im- 
portant degree,  influence  our  mode  of  procedure  in  inirtxiocing  more 
improved  methods  of  husbandry  iuio  any  old  agricultural  district. 

§  C.  Improvement  of  the  soil  by  mixing. 
There  are  some  soils  so  obviously  defective  in  constitution,  that  Ihe 
most  common  observer  can  at  once  pronounce  them  likely  to  be  improved 
by  meciianical  admixtures  of  various  kinds.  Thus  peaty  soils  abound 
too  much  in  vegetable  matter;  a  niiiture  of  earthy  substances,  there- 
fore, of  almost  any  common  kind,  is  readily  indicated  as  a  means  of  im- 
provement.    In  like  manner  we  "naturally  impart  consistence  to  a  sandy 

-  The  Msrqals  nf  Tvr^fctsle,  to  hie  hamc-lknn  at  Yesten,  bus  raised  his  land  in  tbIdo 
eiahL  Itinas(lrrjni-S:4,  la40G.  pef  acre>,hy  droning  and  de«p  plouglilnB-  Allef  draining,  Iha 
fiElda  of  stiff  olaj,  with  slroaki  of  mod  id  Iha  sulisoll,  are  turned  o»er  to  a  deoih  of  ISor  14 
Inches,  by  tvio  plou^sUwo  lioraei  aacb)  (bUQAdng one  anoUier,  (tie  under6  iDches  being 

looking  K)il  ll  ta  now  ploughed  aula  to  a  depth  of  9  or  10  loebet,  tqr  vhtch  half  the  oilgt 
nal  soiltabrouBblag^Dto  the  Burface.  Sjacroaa  ploneblnl  thisfs  mtiad  wtib  Ihs  iiev 
•oil,  after  which  Ibe  fiold  ii  prepared  In  (be  uaual  w»y  lot  totDipa  HntK'--'- — "■'  "••'•' 
(bejitDngtilng  lias  been  lo  late  (bat  Die  aubaoti  )ws  no(  hnd  a  proper  expoi 
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soil  by  an  admixture  of  clay,  and  openness  and  porosky  to  sliff  clays  by 
the  addilion  of  sand. 

The  first  amf  obvious  effect  of  such  additions  is  to  alter  the  physical 
qualities  of  the  soil— to  consolidate  (he  peals'  and  saods,  and  to  loosen 
the  clays.  But  we  have  already  seen -that  the  fertility  ofasoil,  or  its 
power  of  producing  a  profitable  return  of  this  or  that  crop,  depends  in 
the  first  place  on  its  chemical  constitution.  It  must  contain  in  aiiflicient 
abundance  all  the  inorganic  substances  which  that  crop  requires  for 
its  daily  food.  Where  this  is  already  the  case,  as  in  a  ricli  stiff  elay,  a 
decided  improvement  may  he  produced  by  an  admixture  with  siliceous 
sand,  which  merely  separates  the  particles  mechanically,  and  renders 


the  whole  more  porous.  But  let  the  clay  be  deficient  in  some  necessary 
constituent  of  a  fertile  soil,  and  such  an  addition  of  siliceous  sand  -wouid 
not  praduce  by  any  means  an  equal  benefit.  It  may  be  pmper  to  add 
this  sand  with  the  view  of  producing  the  mete  physical  alteration,  but 
we  must  add  some  other  substance  also  for  the  pur[iose  of  producing  ihe 
necessary  chemical  ehanee. 

The  good  effects  which  almost  invariably  follow  from  Ihe  addition  of 
clay  to  peaty  or  sandy  soils  aredue  to  the  production  at  oneand  the  same 
time  of  a  physical  and  of  achemical  change.  They  are  not  only  ren- 
dered firmer  or  more  solid  by  the  admixture  of  clay,  but  they  derive 
from  this  clay  at  the  same  time  some  of  those  mineral  substances  which 
they  previously  contained  in  less  abundance. 

The  addition  of  marl  to  the  land  acts  often  in  a  similar  two-fold  capa- 
city. It  renders  clay  lands  more  open  and  friable,  and  lo  all  soils  brings 
an  addition  of  carbonate,  and  generally  of  phosphate  of  hme,  both  of 
which  are  proved  by  experience  to  be  not  only  very  influential,  but  lobe 
absolutely  necessary  to  healthy  vegetation. 

That  much  benefit  to  the  land  would  in  many  instances  accrue  from 
such  simple  admixtures  as  those  above  adverled  to,  where  the  means 
are  available,  will  be  readily  granted.  The  only  question  on  tht  sub- 
ject that  ought  to  arise  in  the  mind  of  a  pcudenr,  man,  is  that  which  is 
connected  with  the  economy  of  the  case.  Is  this  the  most  profitable  way 
in  which  I  can  spend  my  money  I  Can  I  employ  the  spate  Labour  of 
my  men  and  horses  in  any  other  way  which  will  yield  me  a  larger 
return  ?  It  is  ohvbtis  that  the  answer  ui  these  quesiiona  will  be  modi- 
fied by  the  circumstances  of  the  district  in  which  he  lives.  It  may  be 
more  profitable  lo  drain, — or  labour  may  be  in  great  request  and  at  a 
high  premiiun, — or  a  larger  return  may  be  obtained  by  the  investment 
of  money  in  purchasing  new  than  in  improving  old  lands.  It  is  ouite 
true  that  the  country  at  large  is  no  gainer  by  the  mere  transfer  of  land 
from. the  hands  of  A  to  those  of  B,  and  that  he  is  undoubtedly  the  most 
meritorious  citizen  who,  by  expending  his  money  in  improving  the  soil, 
virtually  adds  to  the  breadth  of  the  land,  in  causing  it  to  yield  a  larger 
produce.  Yet  it  is  no  less  true  that  the  employment  of  individual  capi- 
tal in  such  improvement  is  not  to  be  expected  generally  to  take  place, 
unless  it  be  made  to  appear  that  such  an  investment  is  likelyto  be  as 
profitable  as  any  other  within  the  reach  of  its  possessor.  It  seems  to  be 
established  beyond  a  doubi,  (hat  in  very  many  districts  no  money  is  more 
profiiably  invested,  or  yields  a  quicker  return,  than  that  which  is  ei- 
pended  in  draining  and  subsoiling — and  yel  in  reality  one  main  obstacle 
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to  a  more  rapid  increase  in  the  general  produce  of  the  British,  soil  is  the 
practical  fliffioiilty  which  exists  in  convincing  the  owners  and  occupiers 
of  tlie  soil  that  such  is  the  case,  or  would  he  t}ie  case,  in  regard  to  their 
own  holdings.  The  more  widely  a  linowledge  of  the  entire  subject,  ic 
all  its  bearings,  becoiiies  diffused,  the  less  it  ia  to  be  hoped  will  this  diffi- 
cully  become — for  ihe  ecooomist,  who  regards  the  question  of  improve- 
raent  as  a  mere  matter  of  profit  and  loss,  cannot  slrike  a  fair  balance 
u  nless  he  knows  the  several  items  he  may  prudenily  introduce  into  each 
side  of  his  account, 

Thus  in  reference  to  the  special  point  now  before  us,  it  seems  rtasoo- 
able  to  believe  that,  in  a  countiy  such  as  that  here  represented,  where 
alternate  hills  of  sand  (3)   and  hollows,  and  flats  of  clay  (4)  occur,  there 


irny  be  many  spots  where  both  kinds  of  soil — being  near  each  other— 
miirht  be  improved  by  mo  ual  admixture,  at  a  cost  of  labour  which  the 
jltcration  in  the  quality  of  the  land  might  be  well  expected  to  repay. 
In  this  conduion  is  a  considerable  portion  of  the  eastern  half  of  the 
county  of  Durham,  and,  especially,  I  may  mewion  the  neighbourliood 
of  Castle  Eden,  where  a  cold,  stiff,  at  present  often  poor  clay,  testa  upon 
re{i,  rich-looking,  loam^  sand,  in  many  places  easily  accessible,  and  by 
admixture  with  which  its  agricultural  capabilities  may  be  expected  to 
improve.  In  this  locality,  and  in  many  others  besides,  those  having  a 
pecuniary  iareresE  in  the  land  rest  satisfied  that  their  fields  are  incapable 
of  such  improvement,  or  would  give  no  adequate  return  for  the  outlay 
required,  wihout  troubling  themselves  to  collect  and  compare  all  the 
facls  from  which  a  true  solution  of  the  question  can  alone  be  drawn. 

Besides  such  general  admixtures  for  the  improvement  of  land,  the 
geological  formation  of  certain  districts  places  within  the  reach  of  its  in- 
telligent farmers  means  of  improvement  of  a  special  kind,  of  which  they 
may  often  profiiaMy  availtheniselves.  Thus  both  in  Europe  and  Ame- 
rica, the  green-sanS  soils  (p.  943)  are  found  to  be  very  fertile,  and 
the  sandy  portions  of  this  formation  are  often  within  easytlistance  of  the 
siiff  clays  of  (be  gault,  and  of  ihe  poor  soils  of  (he  chalk  with  euher  of 
which  they  might  be  mixed  with  most  beneficial  effects.  The  soils  that 
rest  OB  the  new,  and  even  on  some  parts  of  the  old  red  sand-slotie,  are 
in  like  manner  often  within  an  avaUable  distance  of  beds  of  red  marl  of 
a  very  fertilizing  character  (p.  248),  while  in  the  granitic  and  trap 
districts  the  materials  of  which  these  rocks  consist,  if  mixed  with  judg- 
ment, may  be  made  materially  to  benefit  some  of  the  neighbouring  soils. 
To  this  point,  however,  I  shall  draw  your  atlontion  again  in  my  nest  lec- 
fure,  when  treating  of  mineral  m 
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The  mechanical  methods  of  imja-aving  the  soil,  described  in  ihe  pre- 
ceding seciioo,  are  few  in  number  and  simple  ia  theory.  They  are  so 
iroiiortant,  however,  to  the  general  fertility  of  the  land,  that  were  they 
judiciously  employed  over  the  entire  surface  of  our  islands,  they  would 
alone  greatly  increase  the  average  produce  of  the  British  and  Irisli  soils. 
1  may,  indeed,  repeat  what  was  stated  in  reference  lo  draining  (p.  303), 
that  l"he  full , effect  of  every  other  means  of  improving  the  soil  will  lie 
obtained  in  those  districts  only  where  these  mechanical  methods  ha\  e 
already  been  had  recourse  to. 

The  chemical  methods  of  improving  the  soi!  are  founded  upon  the 
following  principles,  already  discussed  and  established : — 

1°.  That  plants  obtain  from  a  fertile  soil  a  variable  proportion  of  their 
organic  food ; — of  their  nitrogen  probably  the  greatest  part. 

2°.  That  they  require  inorganic  food  also  of  various  kinds,  and  that 

slants 
^rof  tl 

4°.  That  of  these  inorganic  substances  one  soil  may  abound  or  be 
deficient  in  one,  and  another  soil  in  another ;  and  that,  therefore,  this  or 
that  plant  will  preler  lo  grow  on  the  one  or  the  other  accordingly. 

On  these  few  principles  the  whole  an  of  impraving  the  soil  by  che- 
mical means — in  other  words,  of  benoficialiy  manuring  the  soil — is 
founded. 

It  must  at  the  same  time  be  borne  in  mind,  that  there  are  three  di&-. 
linct  methods  of  operation  by   which  a  soil  may  be  improved  : — 

1°.  By  removing  from  it  some  noxious  ingredient.  The  only  method 
by  which  this  can  be  effected  is  by  draining, — providing  an  outlet  by 
which  it  may  escape,  or  by  which  the  lains  of  heaven,  or  water  applied 
iu  artificial  irrigation,  may  wash  it  away. 

9".  By  changiiig  the  nature  or  state  of  combination  of  some  noxious 
ingredient,  which  we  cannot  siton  remove  iu  this  way;  or  of  stone  inert 
ingredient  which,  in  its  existing  condition,  is  unfit  to  become  food  for 
plants.  These  are  purely  chemical  processes,  and  we  put  them  re- 
apecdvely  in  practice  when  we  add  lime  to  peaty  soils,  or  to  such  as 
abound  in  eulphate  of  iron  (p  212),  when  by  admitting  the  air 
into  the  subsoil  we  chanee  the  prot  oxide  mto  ihe  per-oxide  of  iron, 
(p.  910,)  or  when  by  addinf;  cetiam  knoun  chemical  compounds  we 
produce  similar  bench  i^l  chemica]  alterations  upon  other  compounds 
already  exisfing  in  the  soil 
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3".  By  adding  to  the  soil  (hose  substaoees  which  are  fitted  to  become 
the  food  of  plants.     This  13  what  we  do  id  strictly  manuring  the  soil — ■ 


IS  yet  uaable  in  many  cases   to  say  whether  that  which 

u  jiroiuoLBs  vegetation  by  actually  feeding  me  ^ant  an'' '"■ 

3  aubatance^«]r  only  by  preparing  food  for  it.     There  is 


,  however,  that  many  substances,  such  as  potash,  soda,  &c.,  act 
in  several  capacities, — now  preparing  food  for  the  plant  in  the  soil,  now 
bearing  it  into  the  living  circulation,  and  now  actually  entering  into  the 
perfect  substance  of  the  growing  vegetable.  In  order  to  steer  cleat  of 
the  difficulty  which  this  circumstance  throws  in  the  way  of  an  exact 
classification  of  the  chemical  substances  applied  to  the  soil,  I  shali  con- 
sider generally  under  the  name  of  manures,  ail  those  substances  which  are 
usually  ixpplied  to  the  landfm-  the  purpose  of  promoting  vegetable  growlk ; 
whether  those  substances  be  supposed  to  do  so  directly  l)y  feeding  the 
plants,  or  only  indirectly,  by  preparing  their  food,  or  by  conveymg  it  into 
their  circulation. 

Manures,  then,  in  this  sense,  are  either  siinple,  like  common  salt  and 
nitrate  of  soda,  ot  they  are  mixed,  like  farm-yard  manure  and  the  nu- 
merous artificial  manures  now  on  sale.  Or,  again,  they  consist  of  sub- 
stances of  mineral,  of  vegetable,  or  of  animal  origin.  The  latter  is  the 
more  natural,  and  is  by  far  the  most  useful,  classification.  We  shall, 
iherefpre,  consider  the  various  substances  employed  in  improving  ihe 
soil — ipr  what  is  in  substance  the  same  thing,  in  promoting  vegetation, — 
in  the  following  order : — 

1°.  Mineral  manures — including  those  substances,  whether  simple  or 
mined,  which  are  of  mineral  origin,  or  which  consist  entirely  of  inor- 
ganic or  mineral  matter.  Under  this  head  the  use  of  lime  and  of  the 
ashes  of  plants  will  fall  to  be  considered. 

3°.  Vegetable  wanm-es.^These  are  all  of  natural  origin,  and  are  all 
mixtures  of  organic  and  inorganic  matter. 

3°.  Animal  m.anuTes,  which  are  also  mbtturea,  but,  owing  to  their  im- 
mediate origin,  differ  remarltably  in  constUmion  from  vegetable  sub- 

1 1.   Of  mineral  manures. 
Mineral  manures  may  be  conveniently  considered  under  the  two  heads 
of  saline  and  earthy  n 


V.  Carbonate  of  potash. — This  substance,  in  the  form  either  of  crude 
potash  or  of  the  pearl-ash  of  the  shops,  has  hitherto  been  considered  too 
nigh  in  price  to  admit  of  its  extensive  application  in  the  culture  of  the 
land. 

2°.  Carbonate  of  soda. — This  remark,  however,  does  not  apply  to 
the  carbonate  of  soda  (common  soda  of  the  shops),  which  is  sufficiently 
low  in  price  (.^11  a  ton)  to  albw  of  its  being  applied  with  advantage 
under  many  circumstances.  In  the  case  of  grassrlands,  which  pre  over- 
run with  moss— of  such  as  abound  largely  in  vegetable  matter  orin 
iioKioua  sulphate  of  iron — a  weak  solution  applied  with  a  water-cart 
loight  be  expected  to  produce  good  tesiilta.  It  might  be  applied  in  the 
Btifiie  way  tn  rtelijs  of  spmuting  corn,  or  in  fine  powder  a3  a  top-dressing 


t  weather — and  generally  wherever  wood  ashea  are  found  useful 


Maoy  experiments  have  shown'that  both  ofthese  substancea  may  be 
employed  in  the  field  with  advantage  to  the  growing  crop — but  further 
trials  are  necessary  to  show  how  fat  Hie  practical  farmer  may  safely  use 
diera  with  the  hope  of  profit.  In  gardening,  they  greatly  hasten  the 
growth  and  increase  the  produce  of  the  strawberry,*  and  in  garden  cul- 
ture, generally,"  where  the  cost  of  the  manure  employed  is  of  less  con- 
seqiience,  more  extended  trials  would,  no  doubt,  lead  (o  useful  results. 

The  quantity  of  these  substances  which  ought  to  he  applied  to  our 
fields,  in  order  lo  jiroduce  the  beneficial  efiect  which  theory  and  practioe 
both  lead  us  to  expect,  wilt  depend  much  upon  the  natureof  the  soil  in 
each  locality  and  on  the  kind  of  manuring  to  which  it  has  previously 
been  subjected.  By  referring  (o  our  previous  calculations  {page  92a,) 
it  will  be  seen  that  upwards  of  800  lbs.  of  these  carbonatesf-  would 
be  ijecessary  to  replace  all  that  ia  extracted  from  the  soil  by  the  entire 
crops  during  a  four  years'  rotation.  But  in^TMii  husbandry  every  thing 
is  returned  to  the  soil  in  the  form  of  manure  which  is  not  actually 
sent  (o  market  and  sold  for  money.  That  is — the  grain  only  of  the  corn 
crops,  the  dairy  produce,  and  the  live  stock,  are  carried  off  the  land.J 
Less  than  40  lbs.  per  acre  of  the  mixed  carbonates  would  replace  all  that 
is  contained  in  the  grain,  and  if  we  supposeas  much  to  be  present  in  (he 
other  produce  sold,  we  have  80  lbs.  for  the  quantity  necessary  to  be  re- 
stored to  the  land  by  the  good  husbandman  every  four  years,  in  order  to 
keep  his  farm  permanently  in  the  same  condition.  There  are,  however, 
in  most  soils,  certain  natural  sources  of  supply  (pp.  207,  208)  by  which 
new  portions  of  these  alkalies  are  continually  conveyed  lo  them.  Hence 
it  is  seldom  necessary  to  add  to  the  land  as  much  of  these  silbstances  as 
we  carry  off;  and  therefore  from  40  to  60  lbs.  par  acre,  of  either  of 
them,  may  be  considered  as  about  the  largest  (juantity  which,  in  a  well- 
managed  farm,  need  be  added  in  ortler  to  give  a  fair  trial  to  their  agri- 
cultural value.  Half  a  cwt.  of  tl  e  potash  will  cost  less  than  15s.,  and 
of  the  soda  less  than  6s.,  or  of  a  m  xiore,  in  equal  quantities,  less  than 
Sis.  at  their  presejit  prices. 

lyieory  ofllie  action  of  potash  and  soda. 

But  upon  what  theoretical  grounds  is  the  beneficial  action  of  potash 
and  soda  upon  vegetation  explained?  This  question,  to  which  I  have 
already  more  than  once  drawn  your  attention  (pp.  83  and  187),  it  will 
be  proper  here  briefly  to  consider. 

a.  The  first  and  most  obvious  purpose,  served  by  the  presence  of  these 
alkalies  in  the  soil,  is  that  of  yielding  readily  to  the  growing  plant  such 
a  full  supply  of  each  as  may  be  essential  to  its  healthy  growth.  If  the 
roots  can  collect  them  fram  the  soil  slowly  only,  and  with  difficulty,  the 
growth  of  the  plant  will  necessarily  be  retarded  ;  while 

'  Mr  Fleminj,  of  Banrthaii,  hus  informed  ma  that  fie  found  this  lobe  tl 

ashes  would  prohibit  produce  e,  sloiilir  effect 

1 3S0  IbB.  of  dtj  pearl  Bsh  and  440  lbs.  of  cryslallised  carbonate  of  sode. 

I  In  had  husbandry  much  more  le  can-led  off  the  land  by  the  waats  of 
manure.— See  Ihe  succeeding  cliapter,  "  On  ammol  manurss." 


where  they  naturally  abound,  or 
as  certainly  prove  both  more  ea 
other  essential  food  be  deficient  ir 

In  reference  (o  this  mode  of  action  k  will  occur  to  you  that  potash  is 
the  more  likely  of  the  two  to  be  beneficial  to  our  cultivated  crops,  inas- 
much as  the  ash  of  those  plants  which  are  raised  for  food  is  generally 
much  more  rich  in  potash  than  in  soda.  [See  the  tabular  details  given  in 
Lecture  X.,  §  3-,  p.  916  el  sej.]  But  this  may  possibly  arise  fiom  the 
more  abundant  presence  of  potash  in  the  soil  generally,  since  some 
clieinists  are  of  opinion  that  soda  may  false  the  place  of  potash  in  the  in- 
terior of  plants,  tdihoul  inaien<dly  affecting  tkdr  growth,  [Berzelius 
C/iitnie,  VI.,  p.  733,  edit.  1632.]  This  hypothesis,  whatever  may  bo 
its  iheoretieal  value,  will  prove  useful  to  practical  agriculture  if  illead  to 
experiments  from  which  Uie  relative  action  of  each  of  these  carbonates, 
in  the  same  circumstances,  may  be  deduced, — and  the  sjiecj/ic  influ- 
ence of  each,  in  promoting  the  growth  of  particular  plants,  in  some  de- 
gree determined.  Potash  (or  wood-ashes)  aids  the  growth  of  com  after 
turnips  or  potatoes  (Lampadius) — would  soda  do  the  same  1  Carbon- 
ate of  soda  assists  in  o  remarkable  manner  the  growth  of  buck-wheat 
(Sprengel) — would  the  same  good  effects  follow  from  the  use  of  potash  J 

b.  Another  purpose  which  these  earbouates  are  supposed  to  serve,  is 
that  of  combining  with,  and  rendering  soluble,  the  vegetable  matter  of 
the  soil,  so  as  to  bring  it  into  a  slate  in  which  it  may  be  readily  con- 
veyed into  the  roots  of  plants.  Tbey  may  in  this  case  be  said  to  jnre- 
pare  the  food  of  plants.  That  they  are  really  capable  of  fornJing 
readily  soluble  compounds  with  the  humic  acid,  and  with  ceriain  other 
organic  substances  which  exist  in  the  so^l,  is  certain.  Those,  however, 
who  maintain  with  Liebig  that  plants  imbibe  all  their  carbon  in  the 
form  of  carbonic  acid,  will  not  be  willing  to  admit  that  this  property  of 
the  above  carbonates  can  either  render  them  useful  lo  vegetation,  or  ac- 
count for  the  beneficial  action  they  have  so  often  been  observed  to  exer- 
cise. From  this  opinion  we  have  already  seen  reason  (pp.  63  and  64,) 
to  dissent,  and  we  are  prepared,  therefore,  lo  concede  that  potash  and 
soda,  in  the  form  of  carbonates,  may  act  beneficiallj;  upon  vegetation — 
by  preparing  the  organic  matter  of  the  soil  for  entering  into  the  rools  of 
plants,  and  thus  administering  to  their  growth. 

This  preparation  also  may  be  effected  either  by  their  directly  com- 
bining with  the  organic  matter,  as  ihey  are  known  to  do  with  t)ie  humic 
and  other  acids  which  exist  in  the  soil  ;  or  by  their  disposing  this  or- 
ganic matter,  at  the  expense  of  the  air  and  of  moisture,  lo  form  new 
chemical  compounds  which  shall  be  capable  of  entering  into  the  vege- 
table circulation.  This  disposing  influence  of  the  alkalies,  and  even  ot 
lime,  is  familiar  to  chemists  under  many  other  circumstances. 

This  mode  of  action  of  the  carbonates  of  potash  and  soda  can  be  ex 
ercised  in  its  fullest  extent  only  where  vegetable  matter  abounds  in  the 
soil.  It  is  stated  by  Sprengel  [Lekre  vmn  JMngeri'p.  402,]  accordicg- 
ly,  as  the  result  of  experiment,  that  they  are  most  useful  where  vegeta- 
ble matter  is  plentiful,  and  that  they  ought  to  lie  employed  more  spar- 
ingly, and  with  some  degree  of  hesitation,  where  such  organic  matter  is 
deficient. 

e.  We  have  already  seen,  during  our  study  of  the  composition  of  the 


ash  of  plants  (page  916  et  seq.)  how  very  important  a  substaoce  silica  is, 
especially  to  the  grasses  and  the  steins  of  our  various  corn-bearing  plants. 
This  wlica  exists  very  frequently  in  the  soil  in  a  state  ia  which  it  is  insol- 
uble in  pure  water,  and  yet  is  more  or  less  readily  taken  up  by  water 
coDlaining  carbonate  of  potash  or  carbonate  of  soda;  and  as  there  is  eve- 
ry reason  to  believe  Ihaeneatly  all  the  silica  they  contain  is  actually  con- 
veyed into  the  circulation  of  plants  by  the  agency  of  potash  and  soda,  (in 
the  stateof  silieatea— see  pp.  83  and  207,)  it  is  not  unlikely  that  a  portion 
of  the  beneficial  action  of  these  substances,  especially  upon  the  grass  and 
com  crops,  may  be  due  to  the  quantity  of  silica  thoy  are  the  means  of 
conveying  into  the  interior  of  the  growing  plants. 

d.  Another  mode  in  which  these  substances  act,  more  obscurely,  per- 
haps, though  not  less  certainly,  is  by  disposing  the  organic  matters  con- 
tained in  the  sap  of  the  plant  to  form  such  new  combinations  as  may  be 
r&iuired  for  the  production  of  theseveral  parts  of  the  living  vegetable.  I 
have  on  a  ibrnier  occasion  illustrated  (  pp.  1 12-114,)  lo  you  the  very  re- 
markable changes  wbicli  starch  may  be  made  to  undergo,  without  any 
essential  alteration  in  its  chemical  composition — how  gum  and  sugar 
may  be  successively  produced  from  it,  without  either  loss  or  gaininrespect 
of  Its  original  elementary  constitution.  We  have  seen  also  how  the 
presence  of  a  comparatively  minute  quantity  of  diastase  (p.  118)  or  of 
sulphuric  acid  (p.  113}  iscapable  of  inducing  such  changes,  first  rendering 
the  starch  soluble,  and  then  converting  it  into  gum  and  into  sugar.  Ana- 
logous, though  somewhat  different  changes,  are  induced  by  the  presence 
ia  cectalQ  solutions  of  snaall  quanritiesorpotash*orsoda,as,  for  example, 
in  milk — the  addition  of  carbonate  of  soda  towhichgraduaily  causes  (per- 
suades?) the  whole  of  the  sugar  it  contains  to  be  converted  into  the  acid  of 
milk.  Suchchanges  also  must  be  produced  or  facilitated  by  the  presence 
of  acid  and  of  alkaline  substances  in  the  sap  of  plants  ;  and  though  we 
can  as  yet  only  guess  at  the  precise  nature  of  these  changes,  yet  there 
seems  good  ground  for  believing  that  tofacililatetheir  production  is  one  of 
the  many  purposes  served  by  the  constant  presence  of  inorganic  substances 
in  the  sap  of  plants,  indeed  so  important  is  (his  function  considered  by 
some  writers  upon  the  nourishment  of  plants,  (see  especially  Hluheck's 
ErnSkTangderPJlanzenundSlatikdeaLandbaues,)  that  they  are  inclined 
to  ascribeto  it,  erroneously  however,  as  I  believe,  the  main  inSnence  upon 
vegetation,  of  nearly  all  the  inorganic  substances  which  are  (bund  intlie 
ash  of  plants,  and  therefore  are  known  to  enter  into  their  circulation. 

e.  I  only  allude  to  one  otlier  way  in  which  these  substances  maybe  sup- 
posed to  have  an  influence  upon  vegetation.  We  have  already  seen  (Lee. 
VIII,  5  5,  6,  7,  pp.159  to  167,)  how  important  a  part  the  nitric  acid  produ- 
ced in  the  atmosphere  or  in  the  soil  may  be  supposed  to  perform  in  the  gen- 
eral vegetation  of  the  globe.  This  acid  is  observed  to  be  more  abundantly 
— either  fixed  or  actually  produced  in  the  soils  or  composts  which  contain 
much  potash  or  soda.  It  may  be,  therefore,  that  ia  adding  either  of  thess 
to  our  fields,  we  give  to  the  sral  the  means  of  bringing  within  the  reacit 
of  the  roots  of  our  craps  a  more  ready  supply  of  nitric  acid,  and  hence 
of  nitrogen,  so  necessary  a  part  of  their  daily  food. 

3°.  Sidpftates  of  Potash  and  Soda. — It  is  nearly  100  years  since  Dr. 
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Home,  .bf'Kdinburgh,  observed  that  these  lalls  ]rodm.ei  a  beneficial 
effect  upm  vegetation.     Applied  to  growing  corn    they  increased  tile 

Eroduce  by  one-fourth.  Other  experiments  since  made  in  Germany, 
ave  shown  that  they  may  be  applied  with  manliest  advantage  both  to 
field  crops  and  to  fruit  trees  (Sprengel),  but  (he  price  has  hi^erto  been 
considered  too  high  to  admit  of  their  being  economically  used  in  ordinary 
husbandry. 

The  manufacture  of  sulphaie  of  soda  m  England  however,  has  of 
late  years  become  so  mach  extended,  and  the  price  m  consequence  so 
much  reduced,  that  I  was  induced  in  the  spring  of  the  year  1841,  (when 
the  publication  of  these  lectures  was  commenced  }  again  to  recommend 
it  to  the  atlentioo  of  the  practical  agriculturists  of  the  country — as  likely, 
either  alone  or  mixed  with  other  substances,  to  increase  in  many  locali- 
ties not  only  the  produce  but  the  profit  also  io  be  derived  from  the  land. 
(See  Appendix,  also  published  at  the  end  of  this  volume, — "  Suggestions 
for  Experiments  in  Practical  Agriculture,"  No.  1.)  Many  experiments 
were  in  consequence  made  in  varit)us  parts  of  the  country,  the  details  of 
some  of  which  are  given  in  the  Appendix.  "When  applied  at  the  rale  of 
half  a  cwt.  of  the  dry  salt  (or  one  cwt.  of  crystals)  per  acre,  it  produced 
iitlle  effect  upon  the  hay  crop,  ihe  quantity  being  probably  loo  small. 
Applied  to  hay  and  rye,  at  the  rate  of  94  lbs.  of  the  dry  salt,  and  to  pota- 
toes at  the  rate  of  100  lbs.,  it  gave  per  imperial  acre,  with 

Uaflreeead.          Dressed  with  Sulphale.          Incrfase. 
Hay 4480    lbs.  ""—    '■  


Winter  Rye     |  |^^'^' 


89G    lbs. 

4603    lbs. 

18^  tons. 

256    lbs. 

513   lbs. 

If  tons. 

luch  heavier  than  that  i 
iimoniac  applied  to  otli 
iin  the  crop  of  rye,  yet 

jftheodier, 
the  increase 

4096    lbs. 
Potatoes 

The  grain  of  the  dressed  rye  was  i 
and,  though  nitmte  of  soda  and  sal-a 
the  same  field  caused  a  larger  increas  .        ,.      - 

oblained  by  the  use  of  the  sulphate  -Kaa  cheaper  ;per  bushel  t\ 
tained  by  (he  use  of  either  of  the  other  substances. 

On  beans  and  peas  also  (he  effecl  produced  by  it  (Appendix,  jiage  23,) 
was  very  striking — its  action  being  exerted  not  upon  the  straw  but  upon 
thepods,  increasing  their  number  and  enlarging  their  size. 

ITie  results  of  these  expetimenla,  therefore,  are  such  as  to  encourage 
further  trials.  The  quantity  applied  should  not  be  less  than  one  cwt. 
of  the  dr>/  salt  per  acre,  and  it  should  be  put  on  either  in  the  state  of  a 
very  weak  solution  witli  a  water-cart,  or  sprinkled  on  the  young  crop 
■when  (be  ground  is  moist  or  when  rain  is  soon  expected. 

i°.  Sulphate  of  Magnesia  {Epsom,  Salts)  was  found  by  Dr.  Home  to 
promote  vegetaiion  almost  in  an  e<;ualdegree  with  the  sulphates  of  potash 
and  soda,  but  the  usually  high  price  of  (his  compound,  among  other 
causes,  has  hitherto  prevented  it  from  being  tried  upon  an  extensive 
scale.  The  manufactareof  (his  artidealsohasof  late  years,  however, 
Iteea  so  much  extended  and  simplified,  that  the  refined  salts  for  medi- 
cinal purposes  may  be  purchased  as  low  as  8s.  a  cwt,  (at  Messrs.  Cook- 
son's,  Jarrow  Alkali  Works,  near  Newcastle,)  and  the  impureaaltsof  tho 
Yorkshire  and  other  alum  works  at  a  much  lower  rale.  So  much  capi- 
tal indeed  .has  now  been  embarked  in  the  manufacture  of  the  sulphales 
and  (arbonates  of  soda  and  magnesia  (p.  192),  and  it  is  so  desirable 
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on  many  accounts  lo  discover  new  outiels  for  the  pruducls  of  these  impor- 
laot  manufactories,  that  were  there  only  iheoretieal  reasons  for  believing 
them  likely  to  benefit  practical  agricuUure,  it  would  tie  desirable  to  make 
trial  of  their  eRecra  upon  the  land l  But  their  favorable  influence  has 
already  been  shown,  and  it  remains,  therefore,  only  lo  work  out  the  de- 
tails by  which  their  application  to  this  or  thai  soil  or  crop  shall  be  so 
regulatftrt  as  lo  yield  a  fair  and  constant  profit  to  the  farmer  who  eni- 
pltres  them. 

r  have  elsewhere  (Appecililt,  p.  4,)  recommended  the  application  of 
Bulphaie  of  soda  at  the  rate  of  1  cwt.  of  the  dry  salt,  or  of  2  cwt.  of  crys- 
tals (cost  10s.  or  lis.)  per  acre.  The  Epsom  salts  are  only  sold  in  crys- 
tals, and  1-i  cwt.  (cost  1 2s.)  in  this  form  should  be  nearly  equal  in  effi- 
cacy upon  the  land  to  2  cwt.  of  crystallized  sulphate  of  soda.  In  this 
proportion,  therefore,  it  would  be  proper  to  apply  it  lothe  yoting  crops, 
especially  of  wheat,  cloTer,  peas,  beans,  arid  other  legunsinous  plants. 

6°.  Sulphate  of  Lime  {Gypsum)  has  been  long  and  extensively  applied 
to  the  landin  variouscouniriesand  to  various  crops.  In  Germany  its  influ- 
ence has  been  most  generally  beneficial  upon  grass  and  red  clover,  while 
in  many  parts  of  the  United  Scales  it  is  applied  wiib  advaalage  lo  almost 
every  crop.  In  Ihe  former  country  and  in  Englaa.d,  it  is  usually  dusted 
over  the  young  plants  in  early  spring ;  in  America  it  is  frequently  sown 
with  (he  seed,  or,  in  the  case  of  potatoes,  put  into  the  drills  or  lioles 
along  with  the  manure.  The  propriety  of  adopting  the  one  rather  than 
the  other  of  these  methods  will  depend  upon  the  nature  of  the  soil  and 
upon  the  climale.  Gypsum  requires  much  water  to  dissolve  it,  and  in 
dry  soils,  climaies  or  seasons,  it  might  readily  fail  to  influence  die  crop 
at  all,  if  applied  in  the  form  of  a  lop-dressing  only. 

It  would  appear  that  the  time  and  mode  of  its  application  has  more 
influence  upon  its  activity  than  we  might  suppose — since,  according  lo 
Professor  K3rte,  when  applied  to  clover  at  different  periods  in  tlie  spring, 
the  produce  of  different  parts  of  the  same  field  was  in  the  following 
proportions : — 

Undressed 100  lbs. 

Top-dressed  on  the  30[h  of  March, 132  lbs. 

13lh  of  April 140  lbs. 

27th  of  April, 156  lbs.* 

The  effect  of  a  top  dressing  of  gypsum  seems  therefore  to  be  greatest 
when  it  is  applied  after  the  leaves  have  been  pretty  well  developed. f 

Theory  of  Ihe  ac/um  of  these  sulphates. 

a.  It  does  not  seem  difficult  now  to  account  for  the  general  action  of 
these  several  sulphaies  of  potash,  soda,  magnesia,  and  lime.  The  ex- 
planation may  be  deduced  partly  from  recent  chemical  analyses,  and 
parily  from  agricultural  esperiments  more  lately  made  by  practical  men. 

It  has  been  found,  for  example,  thai  sulphur  is  a  constant  and  appa- 
rently necessary  constituent  of  the  glulen  and  albumen  of  the  several 
— '-•-'-s  of  grain,  and  of  the  legumin,  which   forms  Ihe  largest  part 

alntivtha;  1.  p.  86.  quoted  in  Hlubck'a  PJanienniihnmg, 
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of  the  substance  of  the  pea,  the  bean,  the  vetch,  and  of  the  seeds  of 
other  leguminous  plants.  This  sulphur  they  must  obtain  from  the  soil, 
and  one  cause  of  tha  etficacy  of  the  above  sulphates  is  unquestionably 
tliat  they  are  fitted  easily  to  yield  to  the  growing  plant  the  supply 
of  sulphur  they  necessarily  require — while,  if  they  are  more  efiicacioua 
upon  the  leguminous  than  upon  other  kinds  of  plants,  it  is  because 
the'  latter  produce  a  larger  proportion  of  that  kind  of  organie  matter  in 
which  sulphur  is  constantly  present. 

That  such  is  really  the  ifue  explanation  of  their  g'enerai  action  is 
proved  by  the  observation — that  sulphuric  acid  applied  to  the  land  in  a 
very  diluted  state  exerts  an  influence  upon  the  crops  precisely  similar  to 
that  observed  when  gypsum  or  sulphateof  sodais  used.  (See  Appendix, 
Nos.  I.  and  11.) 

In  reference  to  this  mode  of  action  it  is  of  consequence  to  know  the 
relative  efficiency  of  the  several  salts.  Thiswill  obviously  depend  upon 
the  relative  proportions  of  sulphur  or  sulphuric  acid  they  contain — sup- 
posing the  ctrcumsMnces  in  which  they  are  applied  (o  beequally  favour- 
able to  the  introduction  of  each  into  the  em;olalion  of  the  plant.  Their 
relative  value  upon  this  view  is  as  follows  : — 

100  lbs.  of  burned  gypsum  are  equal  to,  ot  contain  as  much  sulphuric 

126  lbs.  of  common  or  unhurned  gypsum. 

laS  !bs.  of  sulphate  of  potash. 

104  lbs.  of  sulphate  of  soda — dry. 

235  lbs.  of  sulphate  of  soda— crystallized. 

180  lbs,  of  sulphate  of  magnesia — crystallized. 
And  as  of  all  these  the  gypsum  is  by  far  the  cheapest,  it  should  form,  in 
reference  to  this  general  action  of  Uie  above  sulphates,  in  all  cases,  the 
most  economical  application  to  the  land, 

6.  But  they  have  each  also  their  special  action  dependent  partly  upon 
their  physical  properties,  and  partly  on  their  chemical  constitution. 

Thus 'it  will  be  of  little  use  mixing  any  of  them  with  the  soil,  unless 
they  become  capable  of  entering  into  the  roots  of  (he  plants  which  are 
growing  upon  it.  The  facility  with  which  tliis  can  be  effected  depends 
upon  their  solubility  in  water,  which  is  very  unlike.  Thus  an  imperial 
gallon  of  pure  water  at  the  ordinary  temperature  will  dissolve  of 

Gypsum  (burned,) about    J  lb. 

Gypsum  (unburned,) i  ib. 

Sulphate  of  Potash 1 1  lbs. 

Sulphate  of  Soda,  dry, l|  lbs, 

Sulphateof  Soda,  crystallized, 3|  lbs. 

Sulphate  of  Magnesia,       .     .     .....     4    lbs. 

In  rainy  weather,  therefore,  and  in  nioist  climates,  it  would  still  be 
most  economical  to  apply  the  gypsum,  since,  though  very  sparingly 
soluble,  water  would  be  sufficiently  abundant  lo  dissolve  as  nmch  as  the 
plant  might  require.  Butin  times  of  only  moderate  rain,  and  eBpecially 
in  dry  seasons,  the  use  of  the  sulphates  of  soda  and  magnesia,  which 
are  also  low  in  price,  is  recommended  by  the  comparative  ease  with 
which  they  may  be  taken  up  by  water  and  conveyed  to  the 

"  ■'     ^"V  ■ 


Agiun,  the  chemical  constitution  of  these  sulphates — the  nature  of 
'   ■  1th  which  the  sulphuric  acid  is  combined — determines  in  , 


a  still  greater  degree  the  nature  and  extent  of  their  special  action-  If 
the  soil  already  abound  in  potash,  in  soda,  in  lime,  or  in  magnesia,  then 
the  infloenee  of  these  compounds  may  depend  entirely  upon  the  sul- 
phuric acid  ihey  contain.  But  suppose  the  land  to  be  deficient  in  liine, 
then  the  gypsum  we  add  will  act  not  only  in  virtue  of  the  sulphuric  acid, 
but  of  the  lime  also  which,  it  contains,  and  thus  its  apparent  effect  will 
be  much  mote  striking  than  when  the  land  is  nalurally  cabaieous,  or 
has  been  previously  dressed  with  lime.  So  if  it  be  deficient  in  potash, 
the  sulphate  of  potash  wiU  be  more  efficient  than  it  could  be  expected  to 
prove  upon  a  soil  in  which  sulphuric  acid  alone  is  wantuig.  And  so 
also,  if  litne  and  potash  abound,  and  soda  or  magnesia  be  deficient,  the 
sulphates  of  these  latter  bases  will  exercise  a  special  action  upon  the 
soil,  by  supplying  it  al  the  same  time  with  sulphuric  acid  and  with  soda 
or  magnesia  also.  Thus  on  land  to  which  lime  has  been  abundantly 
added,  according  to  the  ordinary  practice  of  husbandry,  the  sulphate  of 
Boda  has  the  best  chance  of  proving  useful  to  vegetation,  not  only  because 
it  is  more  soluble,  and  is,  therefore,  more  independent  of  the  seasons, 
but  because  it  is  capable  of  supplying  two  different  substances — sulphuric 
acid  and  soda — neither  of  which  are  direeily  added  in  the  ordinary 
manuring  of  the  land,  but  both  of  which  the  plants  may  find  difficulty 
in  obtaining. 

d.  Another  consideration  will  indicate  furtlier  special  applications  of 
these  several  sulphates,  independent  of  the  sulphuric  acid  which  they 
n.   Ifwereler  to  thelable{p.  220,  )  in  whi«h  is  exhibit- 
n  of  the  ash  of  the  several  clovers  and  grasses,  we  find 
sulphates  to  be  present  in  100  parts  of  the  ash  in 

Hay.       ^'  Clover.    ^^^^^         Lucerne.      Halntolo. 

Potash B'Sl         19'95        31-05        13-40         20-57 

Soda 3-94  5-29  5-79  6-15  4-37 

Lime 7-34         27-80        23-43        48-31         21-95 

Magnesia     ....        0-90  3'33  3'05  3-4S  2-88 

Sulphuric  Acid      .     .        3-53  4-47  3-53  4-04  3-41 

Of  the  two  clovers  the  red  contains  more  lime  and  much  less  potash, 
therefore  the  sulphate  of  lime  is  more  likely  to  benefit  the  red  clover, 
and  the  sulphate  of  potash  the  white,  which  is  consistent  with  the  results 
of  experiment.  A  similar  difletence  exists  between  lucerne  and  sainfoin, 
to  the  former  of  which  lime  and  soda  are  more  necessary  than  the  latter. 
The  first  colnnm  under  rye  grass  shows,  on  the  other  hand,  how  very 
much  smaller  a  proportion  of  all  the  four — potash,  soda,  lime,,  and  mag- 
nesia— is  requited  by  this  green  crop  than  by  the  others;  and  therefore 
that  the  same  weight  of  tfny  one  of  these  sulphates,  which,  when  applied 
as  a  top  dressing  to  one  crop  (rye  grass),  would  cause  it  to  thrive  luxuri- 
antly, may  be  insufficient  to  supply  the  most  necessary  wants  of  another 
crop  (clover  or  sainfoin.)  Not  only  the  kind  of  mineral  manure,  (here- 
fore,  which  we  mix  with  the  soil,  but  the  guanlity  also,  must  be  deter- 
mined by  the  kind  of  crop  we  intend  to  raise.  (For  the  theoretical  opinions 
of  other  authors  in  regard  to  the  action  of  gypsum,  see  Appendix,  No.  VI.) 

6°.  Nitrates  of  Potash  and  Soda. — The  efficacy  of  these  two  subslan- 
iw  generally  acknowledged, 


the  following  proportions .- — 


THBT  AFFECT    1 


laturally  cause  the  practical  fa 

them  in  any  quantity  to  his  land.  As  these  salts,  especially  the  n 
of  soda,  are  com.paratively  abuodant  in  nature, — as  they  are  really  be- 
neficial in  maay  cases,  and  can  be  employed  with  a  prohl, — astheir  use 
in  practical  agaculture  has  recently  escited  considerable  interest — and 
as  many  experiments  have  in  consequence  been  made  with  (hem  upon 
various  crops, — I  shall  briefly  direct  your  attention  to  the  most  impor- 
tant facts  which  have  yet  been  established  in  regard  to  their  action  upon 
the  growing  plant. 

a.  Apparent  effects  of  the  Nitrates. — Ths  first  visible  effect  of  the  ni- 
trates upon  every  crop  is  to  impart  a  dark  green  colour  to  the  leaves  and 
stems.  3°.  They  then  hasten,  increase,  and  not  unfrequently  prolong 
(he  growfh  of  the  plant.  3°.  They  generally  cause  an  increase  both  in 
the  weight  of  hay  or  straw,  and  of  corn — though  the  colour  and  growth 
arc  oocasionally  affected  without  any  sensible  increase  of  the  crop.  4". 
The  hay  or  grass  produced  is  always  more  greedily  eaten  by  the  cattle 
than  that  which  has  not  been  dressed,  even  when  the  quantity  is  not 
affected  ; — but  the  grain  is  usually  of  inferior  quality,  bringing  a  some- 
what less  price  in  the  market,  and  yielding  a  smaller  produce  of  flour. 

Its  principal  action  seems  lo  be  eipended  in  promoting  the  growth — 
that  is,  increasing  the  production  of  woody  fibre,  either  in  the  stem  or  the 
ear,  without  so  much  affecting,  exee[rt  indirectly,  the  quantity  of  seed. 

lUuslTalions. — 1".  Mr.  Pusey  observed  that  the  increase  of  his  wheat 
crop,  on  the  Oxford  clay,  where  nitrate  of  soda  was  applied,  arose  from 
there  being  no  underlins  siraiBS  llAOt  short  ears  as  in  the  undressed,  but 
all  were  of  equal  lengfli  and  consequent  fullness  and  ripeness.  The 
nitrate  had  merely  promoted  the  growth.  (See  Royal  Agricultural  Joar- 
nal,  II.,  p.  190.) 

2°.  "It  affected  the  tops  of  the  pototos,  butthe  produce  of  bulbs  was 
less  both  by  weight  and  measure"  (Mr.  Grey,  of  Dilston).  "  On  peas, 
in  a  thin  sandy  soil,  subsoil  gravel,  it  had  much  effect  on  the  colour  and 
strength  of  the  stems,  and  on  the  state  of  forwardness,  but  when  ripe, 
though  the  straw  was  stronger,  there  was  no  difference  in  the  crop  of 
peas"  (Colonel  Campbell,  of  Eozelle).  "On  land  in  high  condition  it 
did  harm  by  forcing  the  straw  at  the  expense  of  the  ear"  (Mr.  Barclay). 
"It  appeared  to  act  strongly,  and  there  was  a  greater  bulk  of  straw,  but 
the  increase  of  grain  was  only  60  lbs.  per  acre"  (Sir  Robert  Throckmor- 
ton). In  another  experiment  of  Mr.  Barclay's  the  straw  was  very  strong, 
and  much  of  the  wheat  laid,  hut  (he  undressed  sold  for  4s.  a  bushel  more, 
and  there  was  no  profit. 

(n  all  these  cases  the  nitrate  promoted  chiefly  the  growth  of  the  stem, 
or  the  production  of  woody  fibre.  The  inferior  quality  of  the  grain  and 
yield  of  flour  was  owing  to  this  action.  The  grain  was  enveloped  in  a 
thicker  covering  of  the  woody  matter  which  ibrms  the  skin  or  bran. 

3°.  "The  turnips  after  the  nitrated  wheat  are  decidedly  better,  Ike  tops 
are  still  groining  and  luxuriant,  while  on  the  other  part  they  are  begin- 
ingw  fall"  (Hon.  H.  Wilson).  They  seem,  therefore.in  some  cases,  at 
least,  to  prolong  the  growth. 

From  the  above  statements  we  seem  lo  derive  an  explanation  why  the 
etiects  of  the  nitrate  should  have  been  so  universally  observed  oporl  tho 
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grasses  and  clovers — while  in  regard  fo  ita  application  to  corn  crops, 

they  indicate  this  important — 

!AL  Rule. — Not  to  apply  the  nitrates  upon  land  or  under  cir- 
s  where  there  is  already  a  sulTicient  tendency  to  produce 

straw. 


occurred  where  the  ni  ,  .... 

at  all — others  where  the  color  was  affected  aniJ  the  growth  promoted 
without  any  ultimate  increase  of  crop— and  others  again,  where  the  ap- 
plication of  these  salts  was  decidedly  injurions.  These  failures  are  <ie- 
serving  of  a  close  consideration.but  let  usflrst  attend  to  the  amonnt  of 
benefit  derived  from  their  use  where  it  has  been  attended  with  fiuceees. 


I.— Effect  o 

N  Common  AND  Clovee  Hay. 

LOCBltlj. 

Produce 

per  acre. 

DnJ«<..a. 

D,™,d. 

\tS''.'^'°!F."' 

71'] 

I  cwt.,  on  a  thin  light  soil,  subsoil 
clay  upon  limestone. 

At  Erskine,  Lord  (  3    Oj 
Blantyre J3     I 

IS 

ia01bs,,goodlightsoil,  subsoil  gravel. 
Do.    clay  soil  on  clay  subsoil. 

Fleming 

\\n 

t  191  j 

leoibs,,  eliffclny,  ailer  wheat. 
Do,     light  day  loam,  drained,  afLer 
barley. 

Dilston,  Mr.Grey 

2  10 

3  13 

1  cwt,,  meadow  bay,  soil  not  elated. 

Fatnham,  Suffolk 
Mr.  Muskett,... 

Melhven     Castle, 
Mr.BJahop 

J3     4* 

3    H 

"1 

I50lba,doverhay,  soil  not slEled. 

1  cwt.  nitj-ate  of  potash  and  Ij  of  ni- 
trate of  soda,  had  each  the  same  ef 
fett  on  a  heavy  damp  loam,  partially 
drained. 

On  (he  other  hand,  Mr.  Barclay  si 
(plastic  clay),  in  Surrey,  near  the  e  _ 
ways  a  failure ;  and  the  Messrs.  Drewitt,  of  Guildford,  that  on  their 
chalk  soils,  the  additional  produce  of  hay,  whether  on  upland  oi 
dow,  does  not  repay  tile  expense. 

n.— On  Barley. 


I-ocatlij. 

Produce. 

auantilT  per  acre,  and  kind  of  soil. 

U„drr.«>d. 

—-■ 

Gmin 

36 

s„.« 

Surry,  Mr.Barolay 
Newton  Hall,  Nor. 
thumberland,  Mr 

Jobling 

Suffolk,  Hon.  H 

69 

36 

-1 

1  cwt., onlight  soil, with  chalk  subsoil. 

1  owt.,  on  Strang  tumiplaod. 

Icwt,,  on  a  poor  sandy  soil,  where 
the  turnips  the  preceding  year  were 
nearly  destroyed  by  the  land  blowing. 

EFFECT    OK    WINTEK  -BTB   AND    OATS. 

In  Berkshire,  on  the  other  hand,  it  failed  (1839),  for  harley  ou 
light  lands,  causing  them  in  some  cases  to  be  burned  up  (Mr.  Pua 
3ut  the  season  waa  dfoughiy- 


o  be  burned  up  (Mr.  Pusey), 


III.— Oh  Winter  Rye. 


L  ton  H  cwt.     . 
V. — Upon   Oats. 


Locality. 

PBODVCK. 

tiuanlity  per  acre 

Undressed, 

Dressed. 

grain. 

straw. 

erain. 

straw. 

Bakewdi  DerbyEhira, 
Mr.  Greaves    .     .     , 

Court  Farms,  Hsyes, 
Mr.  Newman.     .     . 

Leatherheaii,  Surrey, 
IMr.  Barclay  .     .    . 

bush. 

46 
40 

25f 
61 

bush. 
61 

60, 

bush. 
38i 

4hi 

90 

1  cwt  ,  heavy  soil, 

let?, "land 'satu- 
rated with  water, 
andoMofcondi- 

Ic'w?,aloamcon. 
timin§aints,ona 
Euh=oil  of  chalk. 

Mr.  Everett,  in  Norfolk,  obtained  an  increase  of  15  bushels  per  acre, 
by  the  use  of]  cwt.  per  acre  ;  and  Mr'.CaWert,  of  Ockley  Courl,  of  20 
bushels  of  grain,  and  9^  cwt.  of  alrnw,  by  applying  IJ  cwt.  of  nitrate 
of  Boda.  At  Kirlileatham  (North  Yorkshire),  it  bad  an  excellent  effect 
lipon  oats,  on  strong  land — and  on  the  strong  clays  of  the  Weald  of  Sur- 
rey and  Sussex,  it  is  said  by  Mr.  Dewdney,  of  Dorking,  lobe  universally 
beneficial,  particularly  when  sown  on  ley  ground — paying  ihe  grower 
973.  to  30s.  per  acre.  "When  it  has  failed,  the  nitrate  has  been  sown 
early,  and  when  tlie  land  was  in  a  dry  stale.  In  these  instances  the 
crop  was  more  or  less  blighted."  On  the  other  hand,  Mr.  Barclay 
states  that,  on  his  strong  heavy  land  (plastic  clay),  near  the  edge  of  the 
chalk,  in  Surrey,  it  gave  no  profit. 

In  most  cases,  therefore,  the  nitrate  of  soda  seems  capable  of  pro- 
ducing a  large  increase  in  the  oat  crap — the  few  failures  which  are  noted 
must  be  due  either  to  the  slate  of  the  weather  or  to  some  peculiarities  in 
the  physical  condition  or  chemical  constitution  of  the  soils  on  which  they 
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Y— Ow  Wheat. 


PflOD 

UUB, 

LocalitJ. 

Undressed.     Dressed. 

QlBnlilj  per  acre,  »nd  kind  of  eoil. 

.{rain 

sttiwsrain 

««« 

Parnham,  Suffolk, 

'"""' 

■^ 

».,. 

™' 

Mr.  Muskftt,    . 

m 

37 

i  cwt. ;  a  poor  spongy  sandy  soil. 

Painswick,  Glou- 

33S 

43  i 

.  cwt. ;  B  staue-brash  soil  abounding 

™ater,il#.%eM, 

in  carbonate  of  lime. 

PaLrtbtd  Pork,  do. 

26 

15 

33t 

31) 

1  owt.;  on  a  light  stone-brash  poor 

Mr.Rayni.Barker 

thin  soil. 

Mr.Dugdak,  .    . 

43 

34 

54 

38i 

1  cwt.  nitr,  of  soda,  on  ngraveUij  soil ; 
an  equal  weight  jHiriifefl/pcteft  pro- 
duced only  1  bushel  of  inca^aae(l). 

Do 

33 

- 

3Gi 

- 

1  cwt.  nit.  of  soda  on  a  strong  clay. 
Both  portions  prerioasly  limed. 

CourtFarm, Hayes  ( 

14i 

18i 

30 

35! 

lowt.i  on  a  very  thill  crop,  inj'd  by  an 

Mr.  Newman,      . 

Brandon,  Suffolk, 

37i 

32 

1  cwt.;  on  a  fair  li^t  aail. 
Do.,  loamy,  belter  land. 

Bon.  Mr.  WJJson, 

30i 

36 

Surrey,  Mr.  Bar- 

33i 

30 

m 

1  cwt. !  soil  loamy,  restJng  on  chalk, 
straw  strong,  and  much  wheallaid.* 

day, 

31 

34t 

331 

S7J 

Panngdan,   Mi:    I 

37 

34i 

39i 

341 

Do.  on  liBttvy  soil,  resting  on  the  Ox- 

Fu$Sj, ..... 

SIJ 

20i 

2S. 

351 

ford  clay.  ButaUthaeverydijji-reM 

20i 

aoi 

24j 

34j 

cmto  iwrs  obUdned  in  lAe  samejkld. 

Ockley  Court,  Jjfr, 

35i 

45! 

37} 

Do.;  com  generally  laid;  soil  not 
mendoned. 

Newton  Hall,  Mr. 

Mli^,      .    .-  . 

30 

29i 

36 

36i 

1  cwt.;  soil  not  mentioned. 

Cirencester,  Dr. 

371 

16 

3U 

201 

1  cwt.  nitrate  of  potash. 

Do.  nitrate  of  soda,  soil  and  subsoil 

Danimy,   .    .    . 

27- 

I5i 

clay,  reating  on  the  corn-brash. 
iSolbs.  nitrate  of  soda. 

Rozelle,  near  Ayr,  ( 

35 

3U 

47 

53 

Col.  Campbell,     .  } 

43 

76  |Do.  nil.  of  potash.  Soil  not  ataled.t 

VI.— On  Turnips. 
At  Rozelle  the  Swedes  were  improved  several  tons  an  acre  by  (he 
use  of  the  nitrate  of  soda  (Mr.  Campbell),  At  Dorking  it  was  very  be- 
neficial as  a  lop-di^ssing  to  the  Swedes  and  white  turnips,  when  8o*n 
broad-cast  at  the  rate  of  1!  owt.  per  acre  (Mr.  Dewdney).  In  neither 
of  these  cases  is  the  soil  described.  On  thin  stony  lantl  upon  challt  at 
Elmahurst,  Bocks,  turnips  manured  with  nitrate  alone,  were  very  su- 
perior to  those  to  which  10  loads  an  acre  of  farm-yard  manure  had  been 
applied  (Mr.  Burgess).  The  only  numerical  results  with  which  1  am 
acfjuainled  are  those  of  Mr.  Barclay  on  a  loaray  soil  resting  on  chalk. 
His  crop  of  turnips  was 
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30J  ewi.  when  dressed  with  bones  and  wood  asbea,each  35  bushels. 

31  cwt.  when  dreaseii  with  I  cw(,  of  mlrace  of  soda,  drilled  in. 

35  cwt.  when  seed  and  niiraie  were  boih  broad-cast. 

33  cwl.  when  the.  seed  was  drilled  and  the  nitrate  braad-cas£. 

On  the  other  hand,  Lord  Zetland  thouelil  it  did  no  good  to  turnips ; 

Mr.  Vansittare,  that  on  strong  lard  well  dunged  it  didliann ;  and  the 

Messrs.  Drewilt,  that  on  their  dry  rubbly  chalk  it  had  no  effect  on  this 

crop,  though  it  improved  in  a  remarkable  degree  the  succeeding  crop 

of  barley. 

We  are  obviously  in  want  of  more  numerous  and  better  observations, 
especially  in  regard  to  turnips.  The  above  discordancies  will  either 
vanish  when  we  obtain  a  2  larger  collection  of  results,  or  they  will  find  an 
explanation  in  the  more  accurate  observations  we  may  expect  to  obtain 
in  regard  to  the  climate,  soil,  and  geological  position  of  the  locality  in 
which  each  experinient  is  made.  Those  practical  men  who  are  really 
desirous  of  aiding  the  pragressof  scienlifie  agriculture, — by  which  prtj- 
gress  not  only  the  national  welfare,  but  their  own  individual  interests 
also  are  likely  to  be  promoted, — will  do  more  towards  this  end  by  one 
single  experiment  in  which  weights  and  measures  are  carefully  deter- 
mined, and  the  soil,  the  climate,  the  geological  position  and  the  lie  of 
the  land,  accurately  described,  than  by  any  number  of  mere  general 
etaiemenis,  such  as  those  I  liave  here  laid  before  you  in  regard  to  the 
effect  of  the  nitrates  upon  the  turnip  crop. 

c.  Effect  of  the  nitrates  on  the  qcaletv  of  the  crop. — This  I  have 
already  in  some  measure  alluded  to.     It  so  affects  the  grass  and  clover 
'o  make  it  more  relished  by  the  cattle.     This  is  usually  expressed 
;  that  the. crop  is  sweeter,  but  since  cattle  are  known  to  be  fond 
substances,  it  may  be  that  the  grasses  are,  by  these  salts,  only 
ry.     It  s 


by  saying  that  the. crop  is  sweeter,  but  since  cattle  are  known  to  be  fond 
"''  saline  substances,  it  may  '      '    '   '  "       '  ""'  "'""     "'" 

more  savoury.     It  senf       .  ^  ,  , 

n  inferior  quality — which  has  a  thicker  skin,  and  yields  more  bran. 


rendered  more  savoury.     It  generally  also  gives  a  grain  (of  wheat) 


This  may  possibly  arise  from  its  having  been  generally  allowed  to  ripen 
too  long.  [See  Mr.  John  Hannarn's  valuable  experiments  on  the 
ouer-ripening  of  ^orn  in  the  Quarterly  Journal  of  Agriculture.]  A 
question  still  undetermined  is,  whether  the  flour  of  nitrated  corn  is  more 
nutritive  than  that  obtained  fnjm  com  which  has  been  undressed. 

It  is  generally  supposed  that  those  samples  of  flour  which  contain  the 
most  gluten  are  also  the  most  nutritive.  But  hitherto  the  only  experi- 
ments which  have  been  made  with  the  view  of  determining  flie  relative 
quantities  of  gluten  in  samples  of  grain  fmm  (he  same  field,  one  |>or- 
tion  of  which  had  been  nitrated,  and  the  other  not,  are,  one  made  by 
Mr.  Daubeny,  and  one  reported  by  Mr.  Hyett,  to  the  latter  of  which  1 
have  already  had  occasion,  for  another  purpose,  to  direct  Tour  attention. 
[See  note,  p.  167.] 

In  those  experiments  the  floor  of  the  several  wheats  gave — 


t.  of  gluten     23i  per  ci 


Excess  of  gluten  in  the  nitrated,     2  per  cent. 


by  Google 


both  of  which  results  faxour  the  sappoMtion  that  one  eiTccf  of  the  ni- 
trates upon  thequality  of  the  grain  is  to  increase  the  [jroportion  of  gluten, 
and  thus  to  render  them,  as  is  generally  believed,  more  nutritive.  This 
is  a  result  which  ihRoretically  we  might  he  led  to  anticipate,  were  therf; 
no  large  increase  in  the  quamity  of  the  produce — for  then  we  might 
aarnrally  expect  the  nitrogen  of  the  nitric  acid  to  be  expended  solely  in 
enriching  the  grain  with  gluten.  But  the  increase  <rf  crop  contains  in 
many  cases  more  nitrogen  than  we  add  to  the  soil  when  we  dress  il  with 
one  cwt,  of  nitrate  of  aoda  per  acre;  there  is,  therefore,  no  exceaa  of  ni- 
trogen which  we  can  suppose  to  go  to  such  an  enriching  of  the  more 
aljunilant  crop  of  grain.  For  litis  reastm,  among  olhers,  I  am  inclined 
to  doubt  whether  further  careful  examination  will  prove  the  flour  from 
nitrated  grain  to  be  always  richer  in  gluten,  and,  therefore,  more  nutri- 
tious.    At  all  events  increased  experiments  are  (o  be  wished  for. 

d.  Ajler-^tcli  of  these  nihates. — 1(  is  comparatively  seldom  that 
any  good  effects  have  been  observed  upon  the  crop  which  aucceeda  thai 
(o  which  the  nitrate  of  soda  has  been  applied.  Where  they  have  beei> 
noticed  it  has  be*n  chiefly  in  casea  where  from  some  cause  (drought  tiv 
dryness  of  soil  chiefly)  the  salt  has  been  prevented  from  exerting  its  full 
and  legitimate  action  upon  its  first  application.     Thus, 

1".  Failing  to  improve  turnips  on  a  rubbly  chalit  soil,  it  greatly  be- 
DeH'tted  the  succeeding  crop  of  barley  (Mr.  Drewitt,  Guildfitrd,  Snrrey). 

Producing  little  eflect  on  lares  (upon  a  clay  soil  ?)  il  improved  very 
much  theturnipcrop  which  followed  ( Mr  .Bare!  ay,  Lea  therbead,  Surrey.) 

a".  In  the  following  instances  the  beneBt  was  seen  —  ".--~- 


After  producing  an  increase  of  one-sixth  in  the  wheat  crop,  both 
grain  and  straw,  on  a  light  sandy  soil  (subsoil?),  the  turnips  of  the  fol- 
lowing year  were  decidMly  better  where  tiie  nitrate  had  been  sown  (Hon, 
H.  Wilson,  Brandon,  SuHblk,) 

Atier  improving  the  crop  of  wheat,  the  after-crop  of  hay  was  also 
better  (Mr.  Grey,  of  Dilsion.) 

At  Upleatham,  the  second  cot  of  clover  was  nearly  as  much  im- 
proved as  the  first  (Mr.  Vansiltart),  and  at  DiUlon  the  aftermath  hay 
vfaa  greater  in  quantity,  and  better  relished  by  the  cattle  (Mr.  Grey). 

3°.  A  cuiious  effect  is  noted  by  Mr.  Rodwell,  of  Alderton.  Wood- 
bridge — the  iohite  clover  failed  ajler  barley  on  which  nitrate  had  been 

The  solubility  of  these  nitrates  is  so  great,  that  in  our  climate,  in  sea- 
sons of  ordinary  rain,  and  on  lands  havinp:  a  moderate  degree  of  incli- 
nation, we  should  expect  that  they  would  be  in  a  great  measure  washed 
out  of  the  land  in  a  single  year.  Heoce  one  reason^ven  supposing 
little  of  the.salt  tohave  entered  into  the  roots  of  the  growing  crop—why 
WB  are  not  entitled  generally  to  expect  any  marked  effect  from  it  upon 
3  second  crop.  But  let  the  season  be  so  dry,  or  the  soil  so  retentive, 
and  the  land  so  level,  as  to  prevent  its  being  alt  taken  up  by  Ihe  roots, 
or  washed  away  by  the  rains  during  one  year,  and  we  may  then  look 
for  afVer- effects,  such  as  those  above  described. 

e.  drcmnstances  necessary  to  ensure  the  success  of  these  saline  ma- 
nures.— This  explauatiotwiil  appear  more  satisfactory  if  we  glance  for 
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a  moment  at  the  general  conditions  which  are  necessary  to  ensure  the 
success  of  these  or  any  other  saline  manures. 

1°.  They  must  contain  one  or  more  substances  which  are  necessary 
to  the  growth  of  the  plant. 

2°.  The  soil  must  be  more  or  less  deficient  in  these  substances. 

3".  The  weather  must  prove  so  moist  or  the  soil  he  so  springy  as  to 
admit  of  their  being  dissolved,  and  conveyed  to  !ho  roots. 

4°.  They  must  not  be  applied  in  too  large  a  quantity,  or  allowed  to 
come  in  contact  with  the  young  shoots  in  too  concentrated  a  form — the 
water  that  reaches  the  roots  or  young  leaves  must  never  be  too  strongly 
impregnated  with  (he  salt,  or  if  the  weather  be  dry,  the  plant  will  be 
blighted  or  burned  up. 

5°.  The  soil  must  be  sufficiently  light  to  permit  iho  salt  easily  to 
penetrate  to  the  roots,  and  yet  not  so  open  as  lo  allow  it  to  be  readily 
washed  away  by  the  rains.  In  reference  to  this  point  the  nature  of  the 
subsoil  is  of  much  importance.  A  retentive  subsoil  will  prevent  the 
lotal  escape  of  that  which  readily  passes  through  a  sandy  or  gravelly 
soil,  while  an  open  subsoil  again  will  retain  nothing  that  has  onco  made 


jvay  through  the  surface. 


/.  Cases  in  vMch  the  nitrales  have  failed. — A,  knowledge  of  the 
above  conditions  will  enable  us  in  many  cases  to  eiplain  whv  the  ni- 
trates, and  other  generally  useful  subslances,  have  failed  to  exliibit  any 
beneficial  e.lcct. 

1".  Thus  on  the  light  soils  of  Berkshire  tho  nitrate  of  soda  failed  for 
barley,  causing  it  often  to  be  blighted  or  burned  up.  This,  no  doubt, 
arase  from  the  drought  which  may  act  in  one  or  other  of  several  ways. 
Either  it  may  prevent  the  salt  from  being  dissolved  at  all,  and  thus  hin- 
der its  action  altogether  for  the  time, — or  it  may  retard  the  solution  till 
the  plant  has  attained  such  a  siato  of  maturity,  that  it  is  no  longer  ca- 
paWe  of  being  equally  benefitted  by  (he  iniroductlon  of  tho  salt  into  its 
roots — or  after  being  dissolved,  and  having  partially  descended  into  the 
soil,  the  drought  may  cause  it  to  ascend  again  with  the  water  which 
rises  to  the  surface  in  consequence  of  the  evaporation,  and  may  thus 
present  it  to  the  plant  in  so  concentrated  a  form  as  to  injure  the  young 
shoots~or,  finally,  the  action  of  the  sun  upon  the  green  leaR  into  which 
a  porlion  of  the  salt  has  already  been  conveyed  by  the  roots,  may  be  so 
powerful  as  to  concentrate  the  saline  solution,  or  to  increase  its  decom- 
position to  such  an  extent  as  to  cause  injury,  and  consequent  blight  to 
ihe  leaf  irself 

S",  Again,  at  Cheadale,  in  Cheshire,  (Mr.  Austin),  the  nitrate  of  soda 
is  said  lo  have  had  a  good  effect  on  wheat  and  grass  where  the  subsoil 
was  clay,  but  none  where  rhe  subsoil  was  gravel,  or  the  soil  light  and 
sandy.  Here  the  supply  of  water  in  the  soil  may  have  been  such  as  to 
fit  it  for  entering  readily  into  the  roots  in  aproperstateof  dilution,  when 
the  retentive  subsoil  kept  it  within  reach  of  the  routs, — and  yet  sufficient, 
at  the  same  lime,  to  wash  it  away  altogether  where  the  soil  and  sub- 
soil were  too  open  to  be  able  to  retard  its  passage. 

3°.  But  the  occasional  occurrence  of  droughts  or  the  mere  physical 
distinctions  of  lands  as  light  or  heavy,  are  not  sufficient  to  account  for  all 
the  recorded  differences  in  the  effect  of  tho  nitrates.     Thus  on  the  claya 
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of  the  Weald  in  Sussex  (Mr.  Dewdne^),  and  on  tie  Oxford  clay  in 
Berkshire  (Mr.  Pusey),  the  use  of  the  nitrate  has  been  attended  with 
general  heneSi  upan  oats  and  wheat,  wliile  on  the  plastic  clay  in  Sur- 
rey (Mr.  Barclay),  it  has  been  uniformly  unsuccessful.  The  cause  of 
these  differences  is  to  be  sought  for,  most  probably,  in  the  chemical  coii- 
siitution  of  the  several  clays,  which  are  known  to  be  very  unlike.  The 
Weald  clay  is  a  fresh-waier  formation,  contains  much  fine  grained 
siliceous  matter  (page  244),  and  is,  therefore,  comparatively  per- 
vious to  water.  The  Oxford  clay  soils  in  Berkshire  abound  in  lime, 
and  must,  therefore,  be  in  some  degree  pervious,  while  the  plastic  clay 
of  Siyrey,  where  they  are  stiffest,  contain  little  lime  and  partake  more 
of  the  impervious  character  of  pipe  clays.  It  may  possibly  be  in  such 
differences  as  these  that  we  are  to  find  an  explanation  of  the  discordant 
results  of  diSerent  oxperimenlers,  but  mucli  further  observation  is  still 
wanting  before  we  can  si>eak  with  any  degree  of  conSdence  upon  the 

To  some  an  esplaaation  may  appear  to  he  most  easily  given  by  sup- 
])Osing  the  one  soil  10  have  been  rich  in  soda,  while  the  other  was  de- 
fective in  this  substance.  I  shall  advert  to  this  point  in  explaining  tJie 
tiimry  of  the  action  of  the  nitrates  of  potash  and  soda. 

g.  drcumatances  in  which  the  emphymetit  of  the  nitrates  is  most  hene- 
Hcial. — 1°.  It  appears  to  succeed  most  invariably  in  lands  which  are 
poor — or  out  of  tjondition — or  on  which  the  corn  is  thin.  Eveiy  farmer 
knows  that  the  most  critical  time  with  his  crop,  as  with  his  cattle,  is 
during  the  earliest  stage  of  its  growth.  If  it  come  awa^  ouickly  and 
strong  during  tlie  first  few  weeks,  his  hopes  are  justly  liign,  but  if  it 
droop  and  linger  aller  it  is  above  (he  ground,  his  fears  are  as  jtistly  es- 
cited.  It  is  in  this  latter  condition  of  things  that  an  addition  of  nitrate 
comes  to  the  aid  of  the  feeble  plant,  re-animating  the  pining  shoots,  and 
making  the  thin  com  tiller.  On  rich  lands  and  thickly  growing  crops  it 
only  causes  an  over-growth  of  already  abundant  straw.  According  to 
the  experiments  of  Mr.  Barclay,  it  is  most  advantageous  when  sown 

2°.  Whatever  may  he  the  chemical  naturo  of  the  surface  soil,  the 
But^ess  of  the  nitrate  seems  to  be  most  sure  where  the  land  is  not  wholly 
destitute  of  water,  where  the  soil  is  open  enough  to  allow  it  readily  lo 
descend,  nnd  yet  the  subsoil  sufficiently  retentive  to  prevent  it  from 
being  readily  washed  away. 

3.°.  I  throw  it  out  as  a  suggestion  which  lias  occurred  to  mc  from  a 
comparison  of  the  results  contained  in  llie  above  tables,  with  the  kind 
of  soils  on  which  the  experiments  were  made— that  probably  the  pre- 
sence of  lime  in  the  soil  may  tend  to  insure  the  success  of  the  nitrate. 
Inmany  of  the  instances  of  large  crops  obtained  by  its  aid  the  land  was 
either  naturally  vich  in  lime,  or  it  had,  in  the  ordinary  course  of  hus- 
bandry, been  previously  marled  or  limed. 

h.   Theory  of  Hie  action  of  (he  nitrates. — The  nitric  acid  of  these  salts 

BiBncnE — iDiilcin^  flinall  rrja].s  at  first,  and  IncrerjtiJn^  Itie  quanrltles  otnployed  a»  success 
maf  narroiiE.    Bv  ihi^  tnode  of  proceduro,  larg^  loBses,  of  vftitch  I  have  heard,  vould 
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IS  26  per  cent,  of  its  meight  of  nitrogen— or  one  cwt.  of  pure  dry 
nitraie  of  soda  contains  about  19  lbs.  of  nitrogen.  This  niirogen  we 
linow  lo  be  a  necessary  cooatitueut  of  planls~oije  which  ihey  obtain 
almost  wholly  fram  (he  soil — but  v  "licli  nevertheless  is  generally  pre- 
sent in  the  soil  in  small  quantity  on.y^  We  have  already  seen  reason 
(Lee.  VIII.,  p.  159,J  to  believe  that  nilrlc  acid  exists  naturally  in  the 
soil,  anJ  is  the  form  in  which  a  large  portion  of  their  nitrogen  is  con- 
veyed into  the  roots  of  plants ; — when  we  add  it  to  our  fields,  (herefore, 
we  only  aid  nature  iu  supplying  a  compound  by  which  vegetables  are 
usually  sustained.  And  as  the  young  plant  will  necessarily  languish 
ill  the  absence  of  one  esseiilial  kind  of  food,  although  every  other  kind 
it  may  rec[uire  be  present  in  abundance,  it  is  easy  to  see  bow  the 
groivtii  of  a  crop — languidly  proceeding  upon  a  soil  deficient  in  nitrogen 
— may  be  suddenly  re-aniniated  by  an  application  of  nitraie  of  soda  to 
its  roots.  That  this  is  thtf  true  way  in  which  (he  nitrates  generally  act 
is  supported  by  liie  ohseivatLon  that  it  is  in  the  poorest  soils  that  they 
are  niost  useful  lo  the- husbandman. 

We  have  already  seen,  also,  that  one  function  of  the  leaf  in  the  pre- 
sfince  of  the  sun  is  to  decompose  carbonic  acid,  aud  give  off  its  oxygen 
(Lee,  v.,  sec.  5.)  It  exerts  a  similar  action  upon  the  nitric  acid  of  the 
nitrates,  and  tipon  the  sulphuric  acid  of  the  sulphates,  discharging  their 
oxygRu  into  the  air,  and  thus  leaving  the  nitrogen  and  sulphur  at  liberty 
lo  unite  with  the  other  elementary  substances  contained  in  the  sap~foi 
ihe  production  of  the  several  compounds  of  which  the  parts  of  t!ie 

Nor,  as  shown  in  a  previooa  lecture,  (VIII.,  sec.  8,)  is  the  good  effect 
of  (hnse  nitrates  upon  the  crop  limited  to  the  supply  of  that  quantity  of 
nitrogen  only  which  they  themselves  contain.  The  excess  of  crop 
riii'ied  by  their  aid  often  contains  very  much  more  nitrogen  thao  they 
have  been  the  means  of  conveying  to  the  roots,  even  supposing  it  all 
10  have  been  absorbed  and  appropriated  by  the  plant.  This  arises  from 
the  circumstance  that  the  more  Ihe  plant  is  made  to  thrive,  the  more 
numerous  and  extended  become  its  roots  also,  and  these  roots  are  thus 
enabled  to  gather  from  the  deeper  and  more  distant  soil  those  supplies 
of  niiragpuous  and  other  necessary  food,  which  would  have  remained 
iipyo nil  their  reach  had  ihe  plant  been  allowed  to  remain  in  its  pre- 
viously feeble  or  more  languid  condition.  This  has  been  called  the 
silmulaiing  effect  of  manures,  and  some  substances  have  been  said  to 
act  only  in  this  way  upon  vegeialton.  This,  however,  appears  to  ra,e  to 
he  a  mistake.  The  supposed  stimulating  is  always  a  sec(mdari/  elTect, 
and  necessarily  follows  from  the  use  ateoery  kind  of  manure,  which  by 
feeding  the  plant  gives  it  greater  strength,  and  thus  enables  it  to  appro- 
priate 01  her  supplies  of  (ood  which  were  previously  beyond  its  reach,  or 
which  from  the  absence  of  one  necessary  constituent  it  could  not  render 
available  to  ils  natural  growth. 

In  this  way  the  nitrates  act  as  such — in  contra-dislincliou  to  the  sul- 
phates and  other  salts  of  potash  and  soda.  But  there  is  every  reason  to 
believe  that  the  potash  and  soda  themselves  often  aid  the  effect  of  the 
nitric  acid  with  which  they  are  associated.  In  soils  deficient  in  these 
alkalies  the  nitrates  would  act  beneficially,  even  though  nitric  acid 
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■were  already  present  in  abunclanec, — while,  on  the  other  hand,  a  field 
thai  is  defective  in  both  constitoenis  of  the  sail  (nitric  acid  and  potash 
or  soda),  will  be  more  grateful  for  iho  same  addition  of  it  than  one  io 
which  either  of  (hem,  already  abounds.  In  this  way,  it  is  not  unlikely 
that  the  discordant  results  of  experiments,  even  on  the  same  farm,  and 
especially  when  the  soils  are  different,  may  occasionally  be  explained. 

i.  Special  effects  of  the  mtrates  of  potash  and  soda. — On  this  alka- 
line coDsiiiuent  of  the  two  nitrates  will  depend  iho  special  action  of  each 
when  applied  to  (he  same  soil  under  the  same  circumstances.  It  has 
not  yet  been  clearly  mnde  out  that  any  definite  special  action  can  be 
ascribed  to  (hem,  yet  some  experimenis  bearing  upon  this  point  have 
already  been  published,  (o  which  it  will  be  proper  lo  advert.  From 
the  study  of  the  special  acliou  of  given  manures  upon  given  crops, 
practical  agriculture  has  much  good  lo  expect. 

1".  Ai  Rozelle,  near  Ayr  (1840),  nitrate  of  potash  caused  oats  to 
come  Bway  darker  and  stronger,  and  give  a  heavy  crop,  while  in  ihe 
same  field  nitrate  of  soda  produced  no  beuefit.  The  soil  was  inferior, 
light,  and  sandy,  with  a  red  irony  subsoil  (Capt.  Hamilton).  Ii  is  add- 
ed that  the  crop  was  injured  by  the  early  drought,  from  which  it  never 
recovered.  This  fact  renders  the  special  effect  of  the  nitraie  of  polash 
in  this  case  doubtful. 

2°.  In  the  experiments  upon  wheal,  made  by  the  same  gentleman 
"'         ■  le  farm, — it  is  to  be  presumed  upon  a  sitn-llar  soil, — 

'      '  ■ "  ■      ■  ■      and  53  cwt.  straw ; 

aud76.cwt.  straw; 

in  favour  of  the  potash  salt. 


Nitrate  of  soda  gave     .     .  46  bush,  grai 

Nitraie  of  potash  gave .     .  42  l)ush.  grai 

the  produce  of  straw  being  here  also  greatly ' 


'.  Dr.  Daubeny  also,  in  the  experiment  upon  wheat  above  detailed, 
lound  the  nitraie  of  po(ash  to  increase  the  produce  considerably,  while 
the  nitraie  of  soda  caused  no  increase  whatever.  The  soil  was  stiff  day 
upnn  the  corn-brash. 

These  superior  eflects  of  the  potash  sail  may  certainly  be  ascribed  to 
the  greater  deficiency  of  the  several  soils  in  potash  than  in  soda,  a  sup- 
position which  io  the  case  of  the  Rozelle  experiment  is  consistent  with 
the  fact,  (hat  common  salt,  when  tried  upon  the  same  land,  produced 
no  good  effect.  If  however,  as  sonrie  suppose,  (p.  328),  potash  and  soda 
are  capable  of  re-placing  each  other  in  the  living  vegetable  without  ma- 
terially affecting  its  growth,  this  explanation  cannot  be  the  true  one. 
Further  e:iperimenls,  however,  if  carefully  conducted,  will  not  fail  lo. 
clear  up  this  question. 

4".  On  a  gravelly  soil  Mr.  Dogdale  obtained  an  increase  of  13  bush- 
els of  wheat  by  the  use  of  nitrate  of  soda,  while  nitraie  of  potash  in- 
creased the  crop  by  only  half  a  bushel. 

This  result  may  be  explained  after  the  some  manner  as  the  preceding 
— the  soil  may  have  already  abounded  in  potash. 

b°.  In  Perthshire,  upon  a  moist  loam,  Mr.  Bishop  obtained  an  equal 
increase  of  hay  from  the  use  of  both  nitrates;  each  ha.ving  caused  the 
produclion  of  a  double  crop. 

The  equafity  in  this  case  may  have  risen  from  the  cffecls  being 
wholly  due  to  the  nitric  acid,  both  polash  and  soda  being  already  abun- 
dant in  the  soil.     This  is  consislenl  with  the  situation  of  the  locality  in 
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agranile  country,  and  is  further  supported  by  (he  fact,  (baton  the  same 
soil  and  field,  ammoniacal  liquor,  which  contains  no  alkali,  produced  a 
6lill  larger  increase  of  produce. 

You  will  understand,  however,  that  all  these  attempted  explanations 
iiroceed  upon  the  supposition  that  the  csperimcws  hava  been  both 
sarefully  made  and  faithfully  recorded. 

7°.  Ckhrtlle  of  Sodiaia  or  Common  Salt, — The  use  of  common  salt 
as  a  manure  has  been  long  recommended.  In  some  disiricie  it  has  heeii 
highly  esteemed,  and  is  still  extensively  and  profitably  applied  to  the 
lanij.  It  has,  like  many  other  substances,  however,  soffered  in  gene- 
ral estimation  from  the  unqualified  terms  in  which  its  merits  have  been 
occasionally  extolled.  About  a  century  ago  (1748J,  Brownrigg*  maiti- 
lained  that  the  whole  kingdom  might  b«  enriched  by  the  application  of 
common  salt  to  the  soil,  and  sitiee  his  time  its  nse  has  been  at  intervals 
recommended  in  terms  of  almost  equal  praise.  But  these  warm  re- 
commendations have  led  sanguine  men  to  make  large  trials,  which 
have  occasionally  ended  in  disappolntmem,  and  hence  the  use  ofaak 
ha?  repeatedly  fallen  into  undeserved  ne^ecl. 

It  is  certain  that  common  salt  baa  in  very  many  eases  been  advanta- 
geous to  the  growing  cr0[).  Some  of  the  more  carefully  observed  re- 
sults which  have  hitherto  been  published,  are  contained  in  the  follow- 
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Onsallsd. 

Saliod. 

auai.llljappHedperaore,8qdklni)ora^it 

Mr.  G.  StKlair. ...  1 

GTCalTotham,  Essex, ) 
Mr.  Cuih.  Johnson, .  I 

BHtochao,  Paisley,       i 
Mr.FUiamg \ 

16 
13 
13S 
35 

SI 
17! 

38i 

363 

33 

6i     do.,     'af-cr  beans. 

Do.  sown  with  the  seed,    \  after 
Do.  dag  in  with  the  aeed.  (  peas. 

5S  do,  J  appied  before  sowing,  ailfi 

Udo,  i      turnips. 

;  bushels,  light  gravelly  soil. 

ISO  lbs,,  heavy  loam,  after  potatoes. 

Suffolk,  Mr.  Riinso-M.. 

30 

51 

IG  bushels. 

At  AfikrHftli,  near* 

Richmond 

At  Erakine,  near  Ren- 

3    10 
3      0 

3    12 
3    13 
•i      8 

S  bushels,  Ihin  light  soil,  clay  subsoil 
5  bushels,  light  soil  on  gravel, 
D«.,claysolond«y. 
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Mmmonsali  has  failed  to  produce  any  sensioie  improve 
srowing  crop.  And  as  failures  are  long  remembered,  and  more  gpne- 
rally  made  known  than  successful  experiments,  the  fact  of  thpir  fre- 
quent occurrence  has  prevented  the  use  of  sail  in  many  cases  where  ii 
might  have  been  the  means  of  much  good. 

"  Ok  Ihr  art  of  making  cevimnsM/,^.  ISS^Lopdon,  1JJ3». 


he 


.;,  Google 


Cause  of  these  failures, — It  is  noi,  indeed,  lo  be  wondered  at,  that 
amid  coiiflieling  eialements  as  lo  its  value,  the  practical  farmer  shoulJ 
have  hesitated  to  iocur  the  trouble  and  expense  nf  applying  it — so  ]ong 
as  no  principle  was  made  known  to  hUn  by  which  ita  application  to  this 
soil  rather  than  lo  '.hat,  and  in  this  rather  ttian  the  other  locality,  was  to 
be  regulated. 

1".  We  Isnow  that  plants  require  for  their  sustenance  and  growth  a 
certain  supply  of  each  of  the  constituents  of  common  salt,  which  supply, 
in  general,  they  must  obtain  from  the  soil.  If  the  soil  in  any  field 
contain  nainrally  a  sufficient  quantity  of  common  salt — or  of  chlorin:; 
and  soda,  in  any  other  state  of  combination — it  will  be  unnecessary  id 
add  this  substance,  or,  if  added,  it  will  produce  no  beneScial  effect.  If, 
on  the  other  hand,  the  soil  contain  little,  and  has  do  natural  source  cl' 
supply,  the  addition  of  salt  may  cause  aconsiderableiocreasein  the  crop. 

Now  there  are  certain  localtuea  in  which  we  can  say  beforehand  (hat 
common  salt  is  likely  to  be  abundant  in  the  soil.  Such  are  the  lands 
ibal  lie  along  the  sea  coast,  or  which  are  exposed  to  the  action  of  pre- 
vailing sea  winds.  Over  such  diairicia  the  spray  of  the  sea  is  constantly 
home  oy  the  winds  and  strewed  upon  the  land,  or  is  lifted  high  in  the 
air,  from  wiiich  it  descends  afterwards  in  the  rains.*  This  coosidera- 
lion,  therefore,  aSbrds  us  the  important  practical  rule  in  regard  to  the 
application  of  common  salt — iJiat  it  is  most  likely  to  be  beneficial  in 
spots  lohick  are  remote  from  Hie  sea  or  are  skeltered  from  the  prevailing 
sea  winds. 

It  is  an  interesting  conSfmation  of  this  practical  rule,  that  nearly  all 
the  auoeessful  experinients  above  detailed  were  made  in  localities  inonr- 
or  less  remote  from  the  sea,  while  most  of  the  failures  on  reconi  wory 
experienced  near  the  coast.  This  consideration,  it  may  be  hoped,  wil! 
induce  many  practical  men  to  proceed  with  more  confidence  in  inaking 
trial  of  its  effects  on  inland  situations.  It  is  very  desirable  that  ih.; 
value  of  this  practical  rule,  which  I  suggested  to  you  in  a  "former  lec- 
ture (see  p.  190).  sliould  be  put  to  a  rigorous  tesi.f 

3°.  But  some  plants  ate  mote  likely  to  be  henefided  by  the  applica- 
tion of  common  salt  than  oihera.  This  may  be  inferred  from  the  fact 
that  certain  species  are  known  to  Sourish  by  the  sea-shore,  and  where 
they  grow  inland  to  select  such  soils  only  as  are  naturally  impregnaieJ 
with  much  saline  matter.  Observations  are  stiU  wanting  toshow  which 
of  our  cultivated  crops  is  most  favoured  bycoiunion  salt.  It  is  known, 
however,  that  the  gas  of  salt  marshes  is  peculiarly  nourishing,  and  is 
iBiich  relisheil  by  cattle,  and  that  the  grass  lands  along  various  parts  or 
our  coast  produce  a  herbage  which  possesses  similar  prapertiea.  It  i>^ 
also  said  that  the  long  (uwaeifc^ass  which  covers  the  Falkland  Island^-, 


Ihc  gonlle  diowera  Iha't  mom  enrinli  llie  fieWs  irtlti  Ihe  aaUna  and  olbernmiets  they  goii- 

t  &  number  uf  failures  are  daacribed  in  the  ulilh  lolnme  ot  I^tie  "  ■AlinmcUoKa  ct  iha 
Sighlaitd  and  AgiicuUural  Soaetu."  Dr.  Evlojldea  has  recenUy  shewn  that  to  neari;  a[E 
these  canes  I [ie  aboreprincipteapakes— the  farms  on  which  tho;  ner«  tried  being  more  or 
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luKuriales  most  when  it  is  within  tha  immediate  reach  of  the  driving 
spray  of  the  southern  sea.  Itmaywellbe,  therefore,  ihal  among  our 
cullivated  crops  one  may  delight  more  in  common  salt  than  aoofher, — 
and  if  we  consider  how  much  alkaline  matter  is  contained  in  the  tops 
and  hulbs  of  the  turnip  and  the  polatoe,  we  are  almost  justified  in  con- 
cluding that  generally  common  salt  will  benefit  greeo  cropa  more  than 
crops  of  corn,  nod  lliat  it  will  promote  more  the  developemeci  of  the 
leaf  and  stem  than  (he  filling  of  the  ear. 

If  this  be  so,  we  can  readily  understand  how  a  soil  may  already  con- 
tain abundance  of  salt  to  supply  with  ease  the  wants  of  one  crop,  and 
yet  too  little  to  meet  readily  the  demands  of  another  crop.  The  appli- 
cation of  salt  to  such  a  soil  will  prove  a  failure  or  otherwise,  accordmg 
to  the  kind  of  crop  we  wbh  to  raise. 

3°.  Failures  have  sometimes  been  experienced  also  on  repeatingthe 
application  of  salt  to  Belds  on  which  its  first  effects  were  very  favour- 
nble.  In  such  cases  it  tnay  be  presumed  that  the  land  has  been  already 
supplied  with  sail,  sufficient  perhaps  for  many  years'  consumption, — 
and  that  it  now  requires  the  application  of  some  other  substance. 

If  it  he  desired,  esperimentally,  to  ascertain  whether  the  land  already 
contains  a  sufficient  supply  of  coinraon  salt,  the  readiest  method  is  to 
collect  half  a  pound  of  the  soil  ia  dry  weather,  to  wash  it  well  with  a 
pint  or  two  of  cold  distilled  water,  and  then  to  filter  through  paper,  or 
carefully  to  pour  off  the  clear  liquid  after  the  whole  of  the  soil  has  been 
allowed  to  subside.  A  solutionof  nitrate  of  silver  (common  lunar-caus- 
tic of  the  shops)  will  throw  down  a  white  precipitate,  becoming  purple 
in  the  sun,  which  will  be  more  or  less  copious  according  to  the  quantity 
of  salt  in  the  soil.  If  this  precipitate  be  collected,  dried  in  an  oven, 
and  weighed,  every  10  grains  will  indicate  very  nearly  the  presence  of 
4  grains  of  common  salt.  The  quantity  of  this  precipitate  to  be  expect- 
ed, even  from  a  soil  rich  in  common  salt,  is,  however,  very  small.  If 
half  a  pound  of  the  dry  soil  yield  a  single  ^ain  of  salt,  an  acre  should 
contain  about  1000  Lbs.  of  salt  where  the  soil  is  12  inches  deep — where 
it  has  depth  of  only  6  inches,  it  will  contain  nearly  500  lbs,  in  every 

8°.  Chhridu  of  Calcium  and  Magnesium. — These  compounds  are 
rejected  in  large  quantities  as  a  refuse  in  some  of  our  chemical  manu- 
factories— and  they  are  contained,  especially  the  latter,  in  considerable 
abundance  in  the  refuse  liquor  of  our  salt  pans.  They  have  both  been 
^own  to  be  useful  to  vegetation  (see  Appendix),  and  where  they  are 
easily  to  be  obtained,  they  are  deserving  of  further  trials.  Like  com- 
mon salt,  it  is  generally  in  inland  situations  that  ihey  are  filled  to  be 
the  most  useful.  Where  salt  springs  are  found  in  the  interior  of  Ger 
many,  the  refuse  ohtaioed  by  boiling  down  the  motiier  liquors  after  the 
separation  of  the  salt  has  been  often  applied  with  advantage  to  the  land. 

Theory  of  tke  action  of  these  chlorides. — Common  salt  and  the  chlo- 
rides of  calcium  are  not  nufrequenily  found  in  the  sap  of  plants — they 
may  he  supposed,  therefore,  lo  enter  into  the  roots  without  necessarily 
undergoing  any  previous  decomposition.  But  we  have  already  seen 
<Lec.  V .,  §  5),  that  the  green  leaves  under  the  influence  of  the  sun, 
have  the  power  of  decomposisg  common  salt — and  no  doubt  Ike  othei 
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chlorides  also — and  of  giving  off  their  chlorine  into  the  surrouDding  air. 
When  they  have  been  introduced  into  the  sap  therefore,  by  (he  roots,  the 
plant  first  appropriates  so  much  of  the  chlorine  ihey  contain  bs  is  neces- 
sary for  the  supply  of  its  natural  wanis,  aiid  evolves  the  rest.  When 
common  salt  is  tliua  decomposed,  soda  remains  behind  in  the  sap,  and 
this  is  either  worked  up  into  the  substance  of  the  plant,  or  peribrms  one 
or  other  of  those  indirect  functions  1  have  already  explained  to  you 
(p.  328)  when  illuslraling  the  probable  action  of  potash  and  soda  upon 
the  vegetable  ecouomy.  "When  the  other  chlorides  (of  calcinm  or  mag- 
ne«ium.)  are  decomposed,  lime  or  magnesia  remains  in  the  sap,  and  is 
in  like  mnnuer  either  used  up  directly  in  the  formation  of  the  young 
stem  and  seed,  or  ia  employed  indirectly  in  promo^ng  the  chemical 
changes  thai  are  continually  going  on  in  ihe  sap.  The  living  plant, 
when  in  a  healthy  elate,  is  probably  endowed  with  the  power  of  admit- 
ting into  its  circulation,  .and  of  then  decomposing  and  retaining,  so  much 
only  of  these  several  chlorides,  or  of  their  constituents,  as  is  fitted  lo 
enable  its  several  organs  to  perform  their  functions  in  the  most  perfect 

In  the  soil  itself,  in  the  presence  of  organic  matter  of  animal  and 
vegetable  origin,  common  salt  ia  fitted  to  promote  certain  chemical 
changes,  sneh  as  the  production  of  alkaline"  nit  rates — and  probably  sili- 
cates— by  which  the  grawth  of  -various  kinds  of  plants  is  in  a  greater 
or  less  degree  increased.  In  the  soil,  also,  from  their  tendency  to  deli- 
quesce, or  run  into  a  liquid,  all  these  chlorides  attract  water  fram  the 
air,  and  thus  help  to  keep  the  soil  in  a  moister  stale.  When  applied  in 
sufficient  qiiantiiy  they  destroy  both  animal  and  vegetable  life,  and 
have,  in  consequence,  bem  often  used  with  advantage  for  the  exrirna- 
tion  of  weeds,  and  for  the  deslruclion  of  grubs  and  other  vermin  thai 
in&stthe  land. 

9°.  PhospkaU  of  Liine  and  Earth  of  Bones. — The  cattle  that  graze 
in  our  fields  derive,  as  you  know,  all  the  earthy  materials  of  which  cer- 
tain parts  of  their  bodies  consist  from  the  vegetables  on  whieh  they  feed. 
These  vegetables  again  must  derive  them  from  the  soil.  Thus  'he 
earth  of  bones,  or  the  phosphoric  acid  and  lime  of  which  it  consists 
(p.  196),  must  exist  in  the  soil  on  whieh  nutritive  plants  grow,  and  it 
must  occasionally  occur  that  a  soil  will  he  deficient  in  these  substances, 
and  will,  therefore,  supply  them  with  difficully  lo  the  crops  It  rears. 
The  benefit  which  in  this  country  is  so  often  experienced  from  the  use 
of  hones  as  a  manure,  has  been  ascribed,  w  pari,  lo  the  supply  of  bone- 
earlh,  with  which  it  enriches  the  land.  (See  Appendix,  No.  I.)  Il 
is  not,  however,  to  be  inferred  from  this,  that  wherever  hones  are  use- 
ful, Ihe  application  of  bone-earlh  alone — in  the  firm  of  horned  bones, 
or  of  the  native  phosphate  of  lime,  (p.  199,)  will  necessarily  prove 
advantageous  also.  Burned  bones  were  formerly  employed  in  Eng- 
land, but  the  practice  has  gradually  fallen  into  disuse,  and  the  same  is, 
I  believe,  the  case  in  Germany.  This  is  no  proof,  however,  that  the 
native  phosphate  ofEstremadura — already,  it  is  said,  imported  in'.o 
Ireland  for  agricultural  purposes, — would  not  benefit  many  soils  if  ap- 
plied in  the  state  of  a  sulfieiently  fine  powder.  Until  carefully  con- 
ducted experiments,  however,  shall  have  been  made, and  the  numerical 
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results  precisely  ascerlained,  it  woiiM  be  improper  to  incur  much  risk 
either  io  bringing  this  fiubsiance  lo  our  shores  or  in  applying  il  loouc 

10°.  Silicates  of  Potash  and  Soda. — These  c/impotjnds,  which  have 
been  already  described  (p.  30l))i  are  supposed  lo  act  an  important 
pan  in  ihe  growth  of  ihe  grasses,  and  of  the  corn-bearing  plants,  by 
supplying,  in  a  soluble  slate  to  the  roots,  the  silica  which  is  so  necessary 
111  file  strength  of  their  stems.  This  sunposirion  has  been  strengllteoed 
by  the  results  of  some  experiments  maoe  by  Lampailius,  who  found  a 
solution  of  silicate  of  potash  to  produce  remarkable  effects  upon  Indian 
r.om  and  upon  rye.  (Lehrenon.  denmineralischen  Dungmitidn,  p.  25, 
1833.)  It  is  possible  lo  manufacture  them  at  a  cheap  rate,  and  it  would 
be  desirable  to  ascertain  by  further  Iriala  how  far- the  employment  of 
these  compounijs,  as  artificial  manures,  can  be  safely  recoinmended  or 
adopted  with  the  hope  of  remuneration.* 

11°.  Sails  of  Amiamda. — There  is  reason  tobelieve  that  ammonia  in 
every  state  of  combination  is  fitted,  in  a  greater  or  less  degree,  lo  pro- 
mote the  growth  of  cultivated  plants.  None  of  its  compounds,  how- 
ever, are  known  to  occur  anywhere  in  nature  io  such  quantity  as  to  be 
illfcctly  available  in  practical  agriculture,  and  only  a  very  few  can  be 
produced  by  art  at  so  low  a  price  as  to  admit  of  their  being  used  with 

a.  Sulphate  of  Ammonia, — An  impure  sulphate  is  ma nufae lured  by 
addii!g  sulphuric  acid  lo  fermented  urine,  or  to  ihe  amoioniacal  liquor 
of  the  gas  works,  and  evaporating  to  dryness.  When  prepared  from 
urinfi,  it  contains  a  mixture  of  those  phosphates  which  exist  in  urine, 
and  which  ought  to  leniler  it  more  valuable  as  a  manure.  The  gas 
iiqoor  yields  a  sulphate  wfhich  is  blackened  by  coal  tar — a  substance 
which,  while  not  injurious'  to  vegetation,  is  said  to  be  noxious  lo  the 
insects  that  infest  our  corn  fields.  In  any  of  these  ec-onomical  Ibrins  this 
salt  has  been  found  to  promote  vegeiaijon ;  but  accurate  expeiimeota 
are  yet  wanting  to  show  in  what  way  it  acts — whether  in  promoting  the 
groivih  of  the  green  parts  or  in  filling  the  ear,  or  in  both — to  what  kind 
of  crops  it  may  be  applied  with  the  greatest  advantase — and  whai 
ainounl  of  increase  may  be  expected  from  the  applicairon  of  a  given 
weight  of  the  salt.  It  is  from  the  rigorous  determination  of  such  pobts 
that  ihe  practical  fanner  will  be  able  to  deduce  the  soundest  practical 
jirecepts,  and  at  the  same  time  to  assist  most  in  the  advancement  of 
tbeoretieal  agriculture. 

The  crystallized  sulphate  of  ammonia  is  soluble  in  its  own  weight  of 
water.  100  lbs.  contain  about  35  lbs.  of  ammonia,  53  lbs.  of  acid,  and 
12  lbs.  of  water.     It  may  be  applied  at' the  rate  of  from  30  lbs.  to  60  lbs. 

b.  Sal-Ammoitiac  cee  ytiatatt  of  Ammxinia. — This  salt,  in  the  pure 
stale  in  which  it  is  sold  in  the  shops,  is  too  high  in  price  to  be  economi- 
cally employed  by  the  practical  farmer.  An  impure  salt  might,  how- 
ever, be  prepared  framthe  gas  liquor,  which  could  be  sold  at  a  sufficiently 


5[,  proTfl  very  inlereaing. 
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cheap  rale  to  aJmilof  an  extensive  application  to  the  InDd.'  The  July 
numerical  results  from  theuse  of  this  salt  with  which  I  am  acquainted, 
are  those  given  by  Mr.  Fleming,  who  applied  it  at  the  rate  of  20  lbs. 

Eet  acre  to  wheat  od  n  heavy  loam,  and  lo  winter  rye,  on  a  tilly  clay, 
Dth  after  potatoes,  and  obtained  the  following  increase  of  pmdtice  per 

Rye,  undressed     .     14     bushels  364  cwf. 


Increase  ...       5     bushels.  7 

Wheat,  undressed    25     bushels,  each  61  lbs. 
Do.  dresaeii  .     264  bashels,  each  63  lbs. 


Increase  .  .  .  1^  bualieU, 
Tlie  increase  of  these  experiments  was  not  very  large,  hut  the  quan- 
tity of  sal-ammoniac  employed  was  probably  not  great  enough  to  pro- 
duce a  decided  effect.  It  is  a  valuable  fact  forihomrmer,  however,  and 
not  uninteresting  in  a  theoretical  point  of  view,  that  a  part  of  the  same 
wheat  field,  dressed  with  Ij  cwt.  of  (;ommon  salt  pet  acre,  gave  apro- 
duce  of  40  hushels  of  grain  (see  Appendix,  p.  19.) 

c.  Carbonate  of  Ammonia — is  obtained  in  an  impure  form  by  the  dis- 
tillation of  horns,  hoofs,  an^l  even  hones.  In  this  impure  form  it  is  not 
generally  brought  into  the  market,  but  in  this  state  it  might  possibly  be 
afforded  at  so  low  a  price  as  to  place  it  within  the  reach  of  the  practical 
farmer.  It  is  supposed  by  some  that  this  carbonate  is  loo  volatile— or 
rises  too  readily  in  (he  form  of  vapour — to  be  economically  ajjplied  to 
the  land.  In  the  form  of  a  weak  solution,  however,  put  on  by  a  water 
cart,  or  in  moist  showery  weather  simply  as  a  top-dressing,  especially 
to  grass  lands  and  on  light  soils,  it  may  he  safely  recommended  where 
it  can  be  cheaply  procured. 

d,  Ammoniacal  Liquor. — This  is  proved  hy  the  success  which  has  in 
many  localities  been  tbund  to  attend  the  application  of  the  ammoniacal 
liquor  of  the  gas  works.  This  liquid  holds  in  solution  a  variable  ijuan- 
tily  of  sulphate  of  ammonia  and  sal-ammoniac.f  hut  in  general  it  is 
iit;hestin  the  carbonate  of  ammonia. 

The  strengtii  of  the  liquor  varies  in  different  gas  woiks ;  chiefly  ac- 
cording to  the  kind  of  coal  employed  for  the  manufacture  of  the  gas. 
Ooe  hundred  gallons  may  contain  from  SO  lbs.  to  40  lbs.  of  ammonia, 
in  one  or  other  of  the  above  slates  of  eombinalioo.  No  precise  rule, 
therefore,  can  be  given  for  the  quantity  which  ought  to  be  applied  to  the 
acre  of  land,  but  as  the  application  of  a  larger  quatitity  can  do  no  harm, 
|)rovided  it  be  sufficiently  diluted  with  water,  one  hundred  gallons  may 
he  safely  put  on  at  first,  and  more  if  experience  should  afterwards  prove 
it  to  be  useful. 

On  grass  and  clover,  upon  a  heavy  mtnst  loam,  Mr.  Bishop  applied 
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105  galIo,".3  an  acre,  diluted  with  500  galloas  of  water,  and  obtained,  of 
..ity,  from  the 

Undressed  ...     i  lb.  per  siiuare  yard,  or  20J  cwt.  per  acre. 

Dressed   ....  Ij  lb.  do.  ur  6Ii  cwt.      do, 

Iriercase  ...  1     lb.  do.  or  41    cwt.*    do. 

The  iiicreaae  hert  is  so  very  great  that  further  trials  with  this  liquor — 
hitherto,  in  most  country  towns  at  least,  allowed  to  run  to  waste — can- 
not be  too  strongly  recooimended.     On  the  dresaedpart,  ai 
Mr.  Bishop,  ihe  Timothy  grass  was  particularly  luxuriant. 

These  esperimetiEs  with  the  gas  liquor  show,  as  I  have  said,  that  im- 
pure carbonate  of  aniiaoiua  may  be  safely  applied  to  the  land  without 
any  previous  preparatbn.  If  it  is  wished,  however,  to  fix  it  or  to  ren- 
der it  less  volatile— which  in  warm  and  dry  seasons  may  sometimes  be 
dpsirable — this  may  he  effected  by  mixing  it  with  powdered  gypsum,  in 
the  proporlion  of  1  lb.  to  each  gallon  of  the  amraoniacal  liquor,  or  by 
adding  directly  sulphuric  acid,  or  the  waste  of  muriauc  acid  of  the  al- 
kali  works. i- 

e.  Nilrate  of  Ammonia — If  it  be  correct  that  those  substances  act 
mcst  powerfully  as  manures  which  are  capable  of  yielding  the  largest 
quantity  of  nitrogen  to  plants,  the  nitrate  of  ammonia  ought  to  promote 
vegetation  in  a  greater  degree  than  almost  any  other  saline  substance  we 
could  employ.  According  to  the  experiments  of  Sir  H.Davy,  (Davy's 
Agriciitlurat  CIteinistry,  Lecture  VII.)  however,  this  does  not  appear 
to  be  the  case,  though  Sprengel  has  found  it  more  efficacious  than  ihe 
nitrates  either  of  potash  or  of  soda.  This  question  as  to  the  relative 
action  of  the  nitrate  of  ammonia  is  very  interesting  tlieorelically,  hut  it 
directly  concerns  practical  agriculture  very  little,  since  the  high  price 
of  this  salt  is  likely  to  prevent  its  being  ever  employed  in  the  ordinary 
oporallons  of  husbandry. 

/,  Special  action  of  the  different  Sails  of  Ammonia. — Tlie  theory  of 
the  action  of  ammonia  itself  upon  vegetation  I  have  in  a  former  lecture 
(p.  164)  endeavoured  to  explain  to  you.  But  the  special  action  of  the 
several  saline  compounds  of  ammonia  above  described  will  depend  upon 
the  qualiliea  of  the  acid  with  which  it  may  be  in  combination. 

The  sulphate  will  partake  of  the  acdon  of  the  sulphates  of  potash, 
soda,  or  lime  (gypsum), — in  so  far  as  it  may  be  expected  to  exhibit  a 
more  marked  effect  upon  the  leguminous  than  upon  the  corn  crops,  and 
upon  the  produce  of  grain  than  on  the  growth  of  the  leaves  and  the 
stem.  This  special  acrion  may  be  anticipated  from  the  sulphuric  acid 
it  contains.  And  if  ihia  reagoning  from  analogy  he  correct,  we  should 
expect  the  sulphate  of  ammonia  (o  rank  amon^  the  most  useful  of  ma- 
nures— since  the  one  constituent  (ammonia)  will  promote  the  general 
growth  of  the  plant,  while  the  other  will  expend  its  influence  more  in 
the  filling  of  the  ear. 

The  nilraU  again  has  been  found  to  act  more  upon  the  craps  of  corn 
than  upon  the  leguminous  plants  and  clover3(Sprengel) — a  result  which 

to  the  soti  about  100  \aa.  of  sulphate  of 

..Ckxij^lc 


is  to  be  explained  by  tKe  absence  of  sulphuric  acid,  which  appears  to 
aid  eepeclally  in  tlie  development  of  the  latter  class  of  plants. 

Od  [his  subject,  however,  experiments  are  too  limited  in  number,  in 
general  too  inaccurately  made,  and  our  information  in  consequence  too 
scanty,  to  enahle  us  as  yet  to  arrive  at  satisfactory  conclusions. 

13°.  Mixed  Saline  Manm-es. — The  principle  already  so  frequently 
illustrated,  that  plants  require  for  their  rapid  and  perfect  development 
a  sufficient  supply  of  a  considerable  number  of  different  inorganic  sub- 
stances, will  naturally  suggest  to  yon  that  in  out  endeavours  to  render 
a  soil  productive,  or  to  increase  its  fertility,  we  are  more  likely  to  suc- 
ceed if  we  add  to  it  a  nfiixttire  of  several  of  those  substances,  than  if  we 
dress  it  or  mix  it  up  with  one  of  ibem  only.  This  theoreiieal  conclu- 
sion is  confirmed  by  universal  experience. 

Nearly  all  the  natural  manures,  whether  animal  or  vegetable,  which 
are  applied  to  the  land,  contain  a  mixture  of  saline  eubsionces,  each  of 
which  exercises  its  special  effect  upon  the  after-crop — so  that  the  final 
increase  of  produce  obtained  by  the  aid  of  these  manures,  must  be  as- 
cribed not  to  the  single  action  of  one  of  iheir  constiiuenis,  but  to  the 
joint  action  of  all.  An  important  practical  problem,  therefore,  pro- 
pounded by  scientific  agriculture  in  its  present  stale,  is — what  mixtures 
of  saline  substances  are  most  likely  to  be  i^eneraUy  useful,  what  others 
specially  useful,  to  this  or  to  that  crop  ]  The  complete  solution  of  this 
problpm  will  require  the  joint  aid  of  chemical  theory  and  of  agricultu- 
ral eiroer'ment,-7-of  experiments  often  varied  and  probably  long  con- 
tinued. But  tiiat  we  may  finally  expect  to  solve  it,  will  appear  fram 
what  has  already  been  accurately  observed  in  regard  to  the  effect  of 
certain  artificial  mixtures  upon  some  of  our  cultivated  crops.     Thus — 

a.  Mixture  of  Nitrate  wiA  Sulphate  of  Soda. — If,  instead  of  dressing 
young  potaUDes  with  nitrate  or  with  sulphate  of  soda  alone  (page  331), 
we  employ  a  mixture  of  the  two,  the  growth  of  the  plant  is  much  more 
promoted  and  thecropof  potatoes  mueli  more  largely  increased.  Thus 
Mr.  Fleming  (in  1841)  applied  to  his  potatoe  crop  a  mixture  of  equal 
weights  of  nitrate  and  of  dry  sulphate  of  soda,  in  the  proportion  of  200 
lbs.  of  the  mixture  to  the  imperial  acre,  with  the  following  remarliable 

Undressed,     ...     66  bolls,  each  5  cwt.,  per  acre. 
Dressed,    ....  107  bolls. 

Increase,    ...     41  bolls,'  or  10  tons  per  acre  ! 

The  Blemsalso  were  six  and  seven  feet  high.  The  addirion  of  nitrate 
of  soda  to  a  portion  of  the  same  field  gave  a  produce  of  only  80  bolls. 
Similar  effects,  of  which,  however,  I  have  not  yet  obtained  the  nnmeri- 
ca!  results,  have  been  observed  on  the  same  crop  in  various  localities 
during  the  present  season  (1343). 

The  effect  of  this  one  artificial  mixture  holds  out  the  promise  of 
much  good  hereafter  to  be  obtained  by  the  judicious  trial  of  other  mix- 
tures— probably  of  a  greater  number  of  subslancea — upon  all  the  crops 
we  are  in  the  habit  of  raising  for  food. 

h.   Wood  ashes. — This  opinion  is  strengthened  by  the  effects  which 
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have  almost  universally  been  found  (o  follow  ihe  use  of  wood  ashes  and 
of  ihe  ash  of  other  vegetables  in  the  cultivation  of  the  Isnd. 

The  quality  of  the  ash  left  by  plants  wben  burned  varies,  an  we  bave 
already  had  occasion  lo  remark  (p.  216),  wiih  a  variety  of  circiim- 
Etances.  It  always  consists,  however,  of  a  mixture  in  variable  propor- 
tions of  carbonates,  silicates,  sulphates,  and  phosphates  of  potash,  soda, 
lime,  and  magnesia,  with  certain  other  substances  present  in  smaller 
quan^ty,  yet  more  or  less  necessary,  it  may  he  presumed,  to  vegeiabie 
growth.  Thus,  according  toSprengel.the  ast  of  the  ted  beech,  Uie  oak 
and  the  Scotch  fir  (  pinus  ^IveslrU),  consists  of 

Red  Beech,     Oak,  ^'^^     ^BerlWet"; 

Sriica  553        26  95         6-59         7-50 


Sulphinc  Acid 
Phosphor  c  Agid 
Chlorine 
Carbonic  Acid 


The  compos  tion  of  these  different  k  nds  of  ash  is  very  unlike — thai 
of  the  pitch  p  nc  for  eximple  be  ng  greatly  richer  in  potash  and  soda, 
ird  poorer  in  hme  anl  phosphoric  acid  than  tliat  of  the  Scotch  fir — 


kinds  of  wood  ashes  when  applied  lothe  land  will  therefore  he  different 

In  England,  wood  ashes  are  largely  employed  in  many  districts, 
loixed  ivith  bone  dust,  as  a  manure  for  turnips,  and  often  with  great 
success.  As  much  as  15  bushels  (7J  cwt.jof  ashes  are  drilled  in  per 
acre  with  15  bushels  (6  cwt.)  of  bones.  The  large  quantity  of  alkali 
present  in  the  turnip  crop  (p.  219)  may  be  supposed  to  explain  the 
good  effecls  which  wood  ashes  have  upon  it,  and  may  lead  us  to  expect 
that  they  would  in  a  similar  degree  increase  the  produce  of  the  carrot 
and  of  the  potatoe." 

The  immetfiotebenefit  of  woodash  is  said  to  be  most  perceptible  upon 
leguminous  plants  (Sprengel),  such  as  lucerne,  clover,  peas,  beans,  and 
vetches.  As  a  top-dressing  lo  grass  lands  it  roots  out  the  moss  apd  pro- 
niotes  the  growth  of  white  clover.  Upon  red  clover  its  effects  will  be 
more  certain  if  previously  mixed  with  one  fourth  of  its  weight  of  gyp- 
sum. In  small  doses  of  two  or  three  hundred  weight  (4  to  6  bushels) 
it  may  be  safely  applied  even  to  poor  and  thin  soils,  but  in  large  and 
repeated  doses  its  effecls  will  be  too  exhausting,  unless  ihe  soil  be  eiiher 
■  ThlH  inference  has  been  verified  bj  Mr.  Whsrton,  of  Dtjbutn,  who  has  Dblained  ah 
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naturally  lich  in  vegetable  matter,  or  be  mised  from  year  to  year  with  a 
eufficiect  quantity  of  aaimal  or  vegetable  inanute. 

In  so  far  as  the  iminediale  effect  ofwoodashos  is  dependent  upon  the 
Eolulile  saline  matter  they  contain,  their  effect  may  be'  imitated  by  a 
mixture  nf  crude  potash  with  carbonate  and  sulphate  of  soda,  and  a  lit- 
tle common  salt.  The  ivood  ash  of  this  country  contains  only  about 
one-fifteenth  of  its  weight  of  soluble  matter  {Bishop  Watsnn),  so  that 
the  following  quantity  of  such  a  mixture  would  be  nearly  equal  in  effi- 
cacy to  the  saline  matter  of  one  ton  of  wood  ash. 

Crude  of  Potasli 60  Iba.  at  a  cos!  of  15s. 

Craylallized  Carbonate  of  Soda       .         .         60    "        "         "       7s. 


!60  24s. 

Where  the  wood  ash  casts  only  a  shilUng  a  bushel  (or  =£2.  a  ton),  it 
would  obviously  be  more  economical  to  employ  this  minture,  were  the 
efficacy  of  wood  ashes  dependent  solely  upon  flie  soluble  saline  matter 
they  are  capable  of  yielding  on  the  first  washing  with  water.  But  they 
contain  also  a  greater  or  less  quantity  of  imperfectly  burned  carbonace- 
ous matter,  the  effect  of  which  upon  vegetation  cannot  be  precisely 
estimaied,  and  a  large  proportion — nine-lenths,  perhaps,  of  their  whole 
weight — of  insoluble  carbonates,  silicates,  and  phosphates  of  potash, 
lime,  and  magnesia,  which  are  known  more  pennon  en  (iy  "^  influei'.ce 
the  fertility  of  the  land  to  which  they  are  applied.' 

c.  IVasked  or  lixivialed  wood-askes. — In  countries  where  wood,  ashea 
are  washed  for  the  manufacture  of  the  ptrt  and  pearl  ash  of  ci 


qunntll;  of  mlnnlBlr  divided  CBrbonBCBani  muter,  wblch,  like  ths  ImpabMUs  dunoal 
powderof  the  jEaniiowdfir  manaftQlorlHimHybHTS  th«  property  of  ab»rDliiA  mucb  air 
Inloili  (loiea,  BDdarthuBandercolngssptiniuieoiiBBlevBaoii  of  tempenlure.  Ilhrowlt 
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Sonlooaf  the  potaah  has  been  dKomposed  br  the  chanunl,  and  eoovensd  Inio  pntassliim 
jolsah  EonaUling  of  potasiliiDj  and  axtgeo,  p.  187.  When  eipoaed  to  the  nir  and  In 
moisture  tbbi  polas^nni  gradUBlly  sbBoTbi  m^ren  and  {[ponlaneouslT  burns,  s^eln  form- 
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(p.  187),  ttis  insoluble  potiion  collecis  in  large  quantities.  It  is  also 
present  in  the  refuse  of  ihe  soap  makers,  where  wood  aaii  is  em- 
ployed for  the  manufacture  of  soft  soap.  The  composirion  of  this  inso- 
luble mafter  varies  very  much,  not  only  with  the  kind  of  wood  from 
which  iha  ash  ia  made,  but  also  with  the  tonperature  it  is  allowed  to 
attain  inhuming.  The  former  feet  is  illustrated  by  the  following  analy- 
sis made  by  Berthier,  of  the  insoluble  matter  letl  by  the  ash  of  five  dif- 
ferent speciea  of  wood  carefully  burned  by  himself; — 

Oaft.  Lima.       Birch.    FiLch  PJne,    Scotch  Fir,    Beecb, 

Sihcn 3-a  20  5-5  130  4-G  5-8 


Magiipsia .  .  . 
Oxide  of  Iron  . 
Oxide  of  Mnngana! 
Phosphoric  Acid 
Carbonic  Acid  . 
Carbon      .    .    . 
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The  numbers  in  these  several  columns  differ  very  much  from  each 
other,  but  the  conalilotion  of  the  insoluble  part  of  the  ash  he  obtaizicd 
probably  differed  in  every  ease  from  that  which  would  have  been  left 
by  the  use  of  the  same  wood  burned  on  the  large  scale,  and  in  the  open 
air.  This  is  to  be  inferred  from  the  total  absence  of  potash  and  soda  in 
the  lixiviated  ash — while  it  ia  well  known  that  common  lixiviated  wtiod 
ash  contains  a  notable  quantity  of  both.  This  arises  from  the  high  tem- 
perature at  which  wood  is  commonly  burned,  causing  a  greater  or  less 
portion  of  the  potash  and  soda  to  combine  with  the  silica,  and  to  form 
insoluble  silicates,  which  remain  behind  along  with  the  iime  and  other 
earthy  matter,  when  the  ash  is  washed  with  water.  It  is  to  these  sili- 
cates, as  well  as  to  the  large  quantity  of  lime,  magnesia,  and  phosphoric 
acid  it  contains,  that  common  wood  ash  owes  the  more  jJenimnenf  effects 
upon  t!ie  land,  which  it  ia  known  to  have  produced.  When  the  rains 
have  washed  out  or  the  crops  carried  off  the  more  soluble  part  from  the 
soii,  these  insoluble  compounds  still  remain  to  exercise  a  more  slow  and 
enduring  influence  upon  the  after- |)rodttce. 

Still  from  the  absence  of  this  soluble  portion,  the  action  of  lixiviated 
wood  ash  is  not  so  apparent  and  energetic,  and  it  may  therefore  he  safely 
added  to  the  land  in  much  larger  quantity.  Applied  at  the  rate  of  (wo 
tons  an  acre,  its  effects  have  been  observed  to  continue  for  15  or  90 
years.  It  is  most  beneficial  upon  clay  soils,  and  it  is  said  especially  lo 
promote  the  growth  of  oats. 

I  am  not  aware  that  in  any  part  of  the  British  Islands  this  refuse  ash 
is  to  be  obtained  in  large  quantity,  but  in  North  America  much  of  it  is 
thrown  away  in  waste,  which  might  be  advantageously  restored  to  the 
land  on  which  the  wood  had  grown, 

d.  Kelp  is  the  name  given  in  this  country"  to  the  ash  left  by  marine 
plants  when  burned.     It  used  to  be  extensively  prepared  in  the  Western 
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Islands,  but  the  low  price  at  which  carbonate  or  soda  can  now  be  maa- 
ufactured  has  so  reduced  the  price  and  the  demand  for  kolp  as  almost 
lo  drive  il  from  the  market.  As  a  natural  njixtuie,  however,  which 
can  now  be  obtained  at  a  clieap  rate  (about  ^£3  a  ton),  and  whioli  has 
been  proved  to  be  useful  to  vegetation  in  a  high  degree,  (Prize  Essays 
of  the  Highland  Society,  vols.  I  and  4,)  it  is  very  desirable  that  accu- 
rate experiments  should  he  instituted  with  the  view  of  determining  the 
precise  estent  of  its  action,  as  well  as  the  crops  and  soiLs  to  which  it  can 
be  most  advantageously  and  most  economically  applied. 

Like  wood  ashes,  kelp  varies  in  composition  witi  the  species  and  age 
of  the  marine  plants  (sea  weeds)  from  which  it  iaprepared,  and  like 
them  also  it  consists  of  a  soluble  and  insoluble  portion.  Two  samples 
from  difTecent  localities  in  the  Isle  of  Skye,  analyzed  by  Dr.  Ure,  (DLc- 
lionary  of  Arts  and  Manufactures,  p.  736},  consisted  of— 


Carbonate  of  Soda  with  SuiphureC  of  Sodium  . 
Sulphate  of  Soda     . 
Cotnmon  Salt     .... 
Cliloride  of  Poteasium 


Carbonate  of  Lima   , 
Silica        .... 
Alumina  and  Oxide  of  Iron 
Gypsum  .... 
Sulphur  and  loss 


Hci! 


100         100 


Uesides  these  conslituenls,  however,  the  soluble  portion  contains 
iodide  of  poiasiura  or  sodium  in  variable  tiuaniity,  and  the  insoluble 
more  or  less  of  potash  and  soda  in  the  state  ot  silicates. 

Kelp  may  be  applied  to  the  land  in  nearly  the  same  circumstances  as 
wood-ash — but  for  (his  purpose  it  would  probably  be  better  to  burn  the 
sea  weed  at  a  lower  temperature  than  is  usually  employed.  By  this 
means,  being  prevented  from  melling,  it  wowld  be  obtained  at  ouce  in 
the  state  of  a  fine  powder,  and  would  be  richer  in  potash  and  soda. 

It  might  lead  to  important  results  of  a  practical  nature,  were  a  series 
oC precise  experiments  made  with  this  finely  divided  kelp  a's  a  manure* 
— especially  in  inland  situations — for  (hough  the  variable  proportion  of 
its  constituents  will  always  cause  a  degree  of  uncertainty  in  regard  to 
the  action  of  the  ash  of  marine  plants — yet  if  the  quantily  of  chloride 
of  potassium  it  contains  to  be  on  an  average  nearly  as  great  as  is  slated 
above  in  the  analysis  of  Gay-Luesac — kel|)  ivill  really  be  the  cheapest 
form  in  which  we  can  at  present  apply  potash  to  the  land. 

e.  Straw  ashes. — The  ashes  obtained  by  burning  the  straw  of  oats, 
barley,  wheat,  and  rye,  contain  a  natural  mixture  of  saline  substances, 
which  is  exceedingly  valuable  as  a  manure  to  almost  every  crop.     The 

ilher  snegesllons  nn  this  anhject,  I  bng  to  refer  the  render  (o  the  Frine  Et- 
— -^ f  tfie  Btghland ana  AgriddtuTot  SocUry, xtv.jp.  608. 
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proportion  of  the  several 

constituents  of  this  mi 

xture,  however,  i 

Is  differ- 

5m,  according  as  the  om 

B  or  the  other  kind  of 

Thus. 

100  pans  of  each  variety  of  ash— in  the  samp] 

les  analyzed  by  Sprengej 

[  Cketaie,  II. ) — consisted 

of— 

Oals.         Darlej. 

Wh^at.         Rjre, 

Potash     . 

.      15  3             3  4 

0-6             1-3 

189 

Soda         .     ■   . 

.     Uace.            09 

0-9           0  4 

11-3 

Lime 

.        2-6           10-5 

6-8           6-4 

169 

MagneEia 

.       04            1-4 

09           0'4 

3-1 

Sihca       .        .        . 

.      800         73-5 
.       01            S-8 ) 

ep6         82-3 

3'1 

Oxide  of  Iron  '.        '. 

.    trace.           0  2  > 

2  6           0.9 

.     trace.            03  J 

Phosphoric  Acid      . 

.        0-3             3-5 

9-9 

Sulpliuric  Acid 

.       1-4           23 

J'O           6-1 

13  3 

Chlorine  , 

.       01            1-3 

09           0-6 

11-4 

Carbonic  Acid 

■    ^1         — 

110 

100  100  100  100  100 

The  most  striking  differences  in  the  above  table  are  ihe  comparatively 
large  quantity  of  potash  in  the  oat  stiaw— of  lime  in  that  of  barley — 
of  phosphoric  acid  in  that  of  wheat— of  sulphuric  acid  in  that  of  rye — 
and  of  all  the  saline  substances  io  rape  straw.  These  differences  are 
nut  10  be  considered  as  constant,  nor  nil  1  the  numbers  in  any  of  the 
above  columns  represent  correctly  the  composition  of  the  ash  of  any 
variety  of  straw  we  may  happen  to  burn  (see  p.  183},  but  they  may 
be  safely  depended  upon  as  showing  the  general  composition  of  such 
ashes,  as  well  as  the  general  differences  which  may  be  expected  to  pre- 
vail among  them. 

That  such  ashes  should  prove  useful  to  vegetation  might  be  inferred 
not  only  from  their  containing  many  saline  substances  which  are  known 
to  act  beneficially  when  applied  to  the  land,  but  from  the  fact  that  they 
have  actually  been  obtained  fram  vegetable  subalanees.  If  inorganic 
matter  be  necessary  to  the  growth  of  wheat,  then  surely  the  luixiure  of 
such  matters  contained  in  tlie  ash  of  wheat  straw  is  more  likely  than 
any  other  we  can  apply  to  promote  the  growth  of  the  young  wheat 
plant.  A  question  might  even  be  raised,  whether  or  not  in  some  soils, 
rich  in  vegetable  matter,  the  ash  alone  would  not  produce  as  visible  an 
effect  upon  the  coming  crop,  as  the  direct  application  of  the  straw,  either 
in  the  dry  state  or  in  Ihe  form  of  rotted  farm-yard  manure.  And  this 
(jnestion  would  seem  to  be  answered  in  the  affirmative,  by  the  result 
of  many  trials  of  straw  ashes  which  have  been  made  in  Lincolnshire. 
In  this  county  the  ash  of  five  tons  of  straw  has  been  found  superior  in 
efficacy  to  ten  tons  farm-yard  manure,  (Survey  of  Lincolnshire,  p. 
304,  quoted  in  British  Husbandry,  II.,  p.  334.)  This  is  perlecil^  con- 
sistent with  theory,  yet  asvet^etable  matter  appears  really  essentia!  to  a 
fertile  soil,  and  as  the  quantity  of  this  vegetable  mailer  is  lessened  in 
some  degree  by  every  corn  crop  we  raise,  it  cannot  be  good  husbandry 
to  manure  lor  a  succession  of  rotations  with  saline  substances  only. 
The  richest  soil  by  this  procedtire  must  nllitnately  be  exhausted.  On 
the  other  hand,  where  much  vegetable  matter  exists,  and  especially 
what  is  usually  called  incTl  vegetable  matter,  it  may  be  an  evidence  rf 
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great  skill  in  (he  practical  farmer  to  apply  for  a  time  the  aahea  only  of 
his  straw — or  some  other  saline  mixture  to  ma  land. 

The  practice  of  burning  the  stubble  on  a  windy  day  has  been  found 
In  the  East  Riding  of  Yorksliire  lo  produce  beiier  clover,  and  lo  cause 
a  larger  return  of  wheat,  (British  Husbandry,  ii.,  p.  333) — for  this 
purpose,  however,  the  stubble  must  be  left  of  considerable  length.  In 
"  —which  the  above  table  shows  to  be  rich  in  saline 


arUiy 


. .   .  .J  ",  and,  therefore,  exhausting  to  the  land— is  spread 

:  the  Held  and  burned  in  a  similar  manner.  The  destruction  of 
weeds  and  insects  which  attends  this  practice,  is  mentioned  as  one  of  its 
collateral  advantages,  (Sprengel,  Lehre  vom  Diinger,  p.  355.) 

In  the  United  States,  where,  according  to  Captain  Barclay,  the  straw 
is  burned  merely  in  order  that  it  may  be  got  rid  of,  (Agricultural  Tour 
in  the  United  States,  pp.  49  and  54,)  it  would  cost  little  labour  to  apply 
the  ash  to  the  soil  from  which  the  straw  was  reaped,  while  it  would 
certainly  enlarge  the  future  produce — and  in  Little  Russia,  where  front 
the  absence  of  wcxid  the  straw  is  universally  burned  for  fuel,  and  Ihe 
ashes  afterwards  consigned  to  the  nearest  river,  tho  same  practice 
might  be  beneficially  adopted.  However  fertile,  and  apparently  inex- 
haustible, the  soils  in  this  country  may  appear,  the  time  must  come 
when  the  present  mode  of  treatment  will  have  more  or  less  exhausted 
their  productive  powers. 

It  is  not  advisable,  as  I  have  already  said,  wholly  to  substitute  the 
ash  for  the  straw  in  ordinaiy  soils,  or  in  any  soils  for  a  length  of  time, 
yet  that  it  may  he  partially  so  substituted  with  good  effect — or  that  straw 
ashes  will  alone  give  a  large  increase  of  the  corn  crop,  and  therefore 
should  never  be  wasted — is  shown  by  the  following  comparative  experi- 
ments, conducted  as  such  experiments  should  be,  during  an  entire  rota- 
tion of  four  years.  The  quantity  of  manure  applied,  and  the  produce 
per  imperial  aero,  were  as  follows : 

16  cwl.    barley       3  tans  atatle  dung       2  lona  of  rolleii 

1°.   Turnips,  S3  lbs.  81  cwt.  ISJ  cwl.  16«  cwj. 

S".  Barley,    14i  bush.  30^  bush.  30;  bush.  30;  bush. 

3=    Clover,      8  cwt.  18   cwt.  30   cwt.  31    owl. 

4°.   Oats,        33  bush.  18    bush.  38    bush.  40  bush. 

The  kind  of  soil  on  which  this  experiment  was  made  is  not  slated, 
(British  Husbandry,  ii.,  p.  348,)  but  it  appears  to  show,  as  we  should 
expect,  that  the  effects  of  straw  ash  are  particularly  exerted  in  promot- 
ing the  growth  of  the  com  plants  and  grasses  which  contain  much  sili- 
ceous matter  in  their  stems — in  short,  of  plants  similar  to  those  (rom 
which  the  ash  has  been  derived. 

Theory  of  the  action  of  straw  ash. — That  it  should  especially  pro- 
mote the  growth  of  such  plants  appears  most  natural,  if  we  consider 
only  the  source  from  which  it  has  been  obtained,  but  it  is  fully  ex- 
plained by  a  further  chemical  examination  of  the  ash  itself.  The  so- 
luble matter  of  wood  ash  in  general  contains  but  a  small  quantity  of 
silica — while  that  part  of  the  straw  ash  which  is  taken  up  by  water 
contains  very  much.  Thus  a  wheat  ash  analyzed  by  Berthiercontained 
of— 


COMFOaiTION    / 


>  use  0 


Soluble  Balls 19  per  cenL 

Insoluble  matter 81        " 

100 
and  ihat  wliich  was  diasolved  by  water  consisted  of 

Siiioa 35  per  cent. 

Chlorine 13        " 

Potaeh  and  soda 50        " 

Sulphuric  acid 2        " 

100 
SO  that  it  was  a  ratjtture  of  soluble  silieatea  and  chlorides  with  a  little 
sulphate  of  potasb  and  soda.  These  soluble  silicaiea  will  find  an  easy 
admission  into  the  roots  of  plants,  and  will  readily  supply  to  the  young 
stems  of  the  corn  plants  and  grasses  the  silica  which  is  indispensable  to 
their  healtliy  growth. 

/.  Turf  oTjicat  ashes,  obtained  by  the  burning  of  peat  of  various 
qualities,  are  also  applied  with  advantage  lo  the  land  in  many  districts. 
They  consist  of  a  mixture  in  which  gypsum  is  usually  the  predominat- 
ing useful  ingredient — the  alkaline  salts  being  present  in  very  ainall 
proportion.  Of  ashes  of  this  kind  those  made  in  Holland,  and 
generally  distinguished  by  the  name  of  Dutch  ashes,  are  best  known, 
and  have  been  most  frequently  analyzed.  The  following  table  exhi- 
bits the  composition  of  some  varieties  of  ashes  from  the  peat  of  Hol- 
land and  from  the  heath  of  Luneburg,  examined  by  Sprengel : — 

:bure  Ashes  (reddish). 


Boat 

nferlot    Wora 

Silica 

.     .       4-5 

.     .      66 

5-4           4 

Do.ofMaHganese.    . 

.     .      1-0 

4-3         0 

Magnesia      .... 

.     .       49 

1-6         3 

Soda               .... 

.    .      10 

39         0 

SulphuncAcid  .    .     . 

.    .      7'3 

G-4         3 

Phosphoiic  Acid    .     . 

,     .      2'0 

0-S          1 

.    .      1'2 

30         0 

Charred  Turf    .    ,    . 

— 

Common  Salt 


1000      1000     1000     1000  lOO'O* 

In  the  most  useful  varieties  of  these  ashes  it  appears,  from  the  above 
analyses,  that  lime  abounds — partly  in  combination  with  sulphuric  and 
phosphoric  acids,  forming  gypsum  and  phosphate  of  lime — and  partly 
with  carbonic  acid,  forming  carbonate.  These  compounds  of  lime, 
therefore,  may  be  regarded  as  the  active  ingredients  of  peat  ashes. 
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iet  ihe  small  quantity  of  saline  matter  they  contain  is  not  to  be  can- 
sidered  as  wholly  wilhoul  eSect.  For  the  Dutch  ashes  are  often  ap- 
plied lo  the  land  to  the  extent  of  two  tons  an  acre — a  quantity  which, 
eten  when  the  propociion  of  alkali  does  not  exceed  one  per  cent.,  will 
coDlaii;  45  lbs.  of  potash  or  soda,  equal  lo  twice  that  weight  of  sulphates 
or  of  common  sail.  To  the  ini'ouie  quantity  of  saline  matters  present  in 
them,  therefore,  peat  ashes  may  owe  a  portion  of  their  beneficial  in- 
fluence, and  to  the  almost  total  absence  of  such  compouiida  fiotn  the 
less  valuable  sorts,  their  inferioi'  estimation  may  have  in  part  arisen. 

In  Holland,  nhen  applied  to  the  corn  crops,  they  are  either  ploughed 
in,  drilled  in  with  the  seed,  or  applied  as  a  Iqi  dressing  to  the  youug 
shoots  iaautuiiin  or  spring.  Lucerne,  clover,  and  meadow  grass  are 
di^sed  with,  i(  in  spriug  at  the  rate  of  15  to  18  cwt.  per  acre,  and  the 
latter  a  second  time  with  au  equal  quantity  after  (he  first  cutting.  In 
Belgium  the  Dutch  ashes  are  applied  to  clover,  rape,  potatoes,  flax, 
and  peas — but  never  to  barley.  In  Luneburg  the  turf  ash  which 
olwunds  in  oxide  of  iron  is  applied  at  the  rate  of  3  or  4  tons  per  acre, 
and  by  this  rneans.  the  physical  character  of  the  clay  soils,  as  well  as 
their  chernicat  cotistitution,  is  altered  and  improved. 
.  In  England  peat  is  in  many  jilaces  burned  lor  the  sake  of  the  ashes 
it  yields.  '  Among  the  most  celebrated  for  their  fertilizing  qualities  are 
the.reddish  turf  ashes  of  Newbury,  in  Berkshire.  The  soil  fmni  be- 
neath which  the  turf  is  taken  abounds  in  lime,  and  llie  ashes  are  said  lo 
contain  from  one-fourth  to  one-third  of  their  weight  of  gypsum,  [Bri- 
tish Husbandry,  ii-,  p.  334.]  They  are  used  largely  both  in  Berkshire 
and  Hampshire,  and  are  chiefly  applied  to  green  crops,  and  especially 

g.  Coal  askts  are  a  mixture  of  which  the  composition  is  very  varia- 
ble. They  consist,  however,  in  general,  of  lime  often  in  the  state  of 
gypsum,  of  silica,  and  of  alumina  mixed  with  a  quantity  of  bulky  and 
portjus  cinders  or  half  burnt  coal.  The  ash  of  a  coal  from  St.  Eiienne, 
in  France,  after  all  the  carbonaceous  matter  had  been  burned  away, 
was  found  by  Berlhier  lo  coneisi  of 

Alumina,  insoluble  ill  adds      ....        G3  per  com. 

Alumina,  soluble 5        " 

Magnesia 8         " 

Oxide  of  Manganese 3         " 

Ojtido  and  Sulpkuret  of  Iron     ....         16         " 

100 
Such  a  mixture  as  this  would  no  doubt  benefit  many  soils  by  the 
alumina  as  well  as  by  the  lime  and  magnesia  it  contains;  but  in  the 
English  and  Scotch  coal  ashes  a  small  quantity  of  alkaline  matter, 
chiefly  soda,f  is  generally  present.  The  constitutiou  of  the  ash  of  our 
best  coals,  therefore,  may  be  considered  as  very  nearly  resembling  that 
of  peat  ash,  and  as  susceptible  of  similar  applications.     "When  well 

t  Fism  (he  comman  ealt  nlth  vMcli  ouc  coal  ia  to  oRen  impregnueil. 
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burned,  it  can  in  many  cases  be  applied  with  good  elTecls  as  a  lop-dress- 
ing to  grass  lands  which  are  overgrown  with  mosa;  while  the  admix- 
ture of  cinders  in  the  Hsh  of  the  less  perfectly  burned  coal  produces  a 
favourable  physical  change  upon  strong  clay  soils. 

A.  Cane  Ashes. — I  may  allude  hereto  theadvantage  which  in  sugar- 
growing  countries  may  be  obtained  from  the  refiloration  of  the  cane  ash 
to  the  Qelds  in  which  the  canes  have  grown.  After  the  canes  have  been 
crushed  in  the  mil!  they  are  usually  etnployed  as  fuel  in  boiling  down 
tlio  syrup;  and  the  ash,  which  is  not  unfrequenlly  more  or  less  melted, 
isi  I  belieTe,  almost  unitbrmly  neglected — at,  all  events,  is  seldom  ap- 
plied again  to  the  land.  According  to  the  principles  I  have  so  often 
illustrated  in  the  present  Lectures,  such  procedure  must  eooaer  or  later 
exhaust  the  soil  of  those  saline  substances  which  are  most  essential  to 
the  growih  of  the  cane  plant.  If  the  ash  were  applied  as  a  top-dressing 
to  the  young  canes,  or  put  into  the  cane  holes  near  the  roots — having 
been  previously  milted  with  a  quantiiy  of  wood-ash,  and  crushed  if  it 
happen  to  have  been  melted — this  exhaustion  would  necessarily  lake 
place  much  more  slowly. 

i.  Crushed  Oranite. — We  have  already  seec  that  (he  felspar  existing 
in  granite  contaias  much  silicate  of  potash  and  alumina.  It  is,  in  fact, 
a  natural  mixture,  which  in  many  instances  may  be  beneficially  apphed. 
especially  losoiis  which  abound  in  liine.  It  is  man^  years  sinceFucha 
proposed  to  manufacture  potash  from  felspar  and  mica  by  mixing  ihem 
with  quicklime,  calcining  in  a  furnace,  and  then  washing  with  water. 
By  ihia  means  lie  said  felspar  might  be  made  to  yield  one-fifth  of  its 
weight  of  potash.  (Journal  of  the  Royal  Institution,  I.,  p.  184.)  Mr. 
Prideaux  has  lately  proposed  to  mix  up  crushed  granite  and  quicklime, 
to  slake  them  together,  ana  to  allow  the  mixture  to  stand  in  covered 
heaps  for  some  months,  when  it  may  be  applied  as  a  top-dressing,  and 
will  readily  give  out  potash  to  the  soil.  Fragments  of  granite  are  easi- 
ly crushed  when  they  have  been  previously  healed  to  redness,  and  there 
can  be  little  doubt,  I  think,  that  such  a  mixture  as  that  recommended 
by  Mr.  Prideaux  would  iinire  many  of  the  good  efiecls  of  wood  ashes 
and  of  lime. 

k.  Crushed  Trap- — I  need  not  again  remind  you  of  the  natural  fer- 
tility of  decayed  trap  soils  (Lee.XII-,54i)  and  of  the  improvement  which 
in  many  districts  may  be  eflecled  by  applying  them  lo  the  land.  When 
granite  decays,  the  potash  of  the  felsparis  washed  out  by  the  rains,  and 
an  unproductive  soil  remains — when  trap  decays,  on  the  other  hand,  the 
lime  by  which  it  is  characterised  is  not  soon  dissolved  out,  so  that  the 
soil  which  is  produced  is  tioc  only  fertile  in  itself,  but  is  capable  of  being 
employed  as  a  fertilizing  mixture  for  other  soils.  Thus  when  it  is  much 
decayed  it  is  dug  out  from  pits  both  in  Cornwall  and  in  Scnlland,  and 
is  applied  like  marl  to  the  laud. 

I.  Crushed  Lavas— Or  the  fertile  and  fertilizing  nature  rf  the  crushed 
or  decayed  lavas  I  have  also  already  spoken  lo  you  (Lee.  XII.,  §  4). 
In  St.  Michael's,  one  of  the  Azores,  the  natives  pound  the  volcanic  mat- 
ter and  spread  it  on  the  ground,  where  it  speedily  becomes  a  rich  mould 
capable  of  bearing  luxuriant  crops.  At  the  foot  of  Mount  Ema,  when- 
ever a  crevice  appears  in  the  old  lavas,  a  branch  or  joint  of  an  Opuntia 
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[Cactus  Opiintia, — European  Indian-Fig)  is  stuck  in,  when  ihe  roots  in- 
sinuate themselves  into  every  fissure,  expand,  and  finally  break  up  the 
lava  into  fragments.  These  plants  are  thua  not  only  the  means  of  pro- 
ducing a  soil,  but  they  yield  also  much  fruit,  which  is  sold  as  a  refresh- 
ing food  throughout  all  (he  towns  of  Sicily,  (DeeandoUe,  quoted  in  the 
Quart.  Journ.  of  Agr.,  IV.  p.  737.) 

These  are  all  so  many  natural  mineral  mixtures  of  wliich  we  may 
either  directly  avail  ourselves,  or  which  we  may  imitate  by  art. 


Experiments  with  mixed  n 
Note. — As  a  valuable  appendix  to  the  preceding  observations  on 
mixed  manures,  I  am  permitted  lo  insert  the  following  very  interesting 
results  obtained  during  the  present  season,  1843,  from  experiments  made 
on  the  estate  of  Mr.  Burnet,  of  Gadgirtb,  near  Ayr.  The  crap  to  which 
the  several  m  ami  res  were  applied  was  wheat  of  the  eciijjse  variety,  sown 
on  the  29tb  of  October,  1841,  and  reaped  on  the  15th  of  August  last. 
The  soil  is  a  loam  with  subsoil  of  clay,  tile  drained  and  trenched  plough- 
ed. It  had  been  in  beans  the  previous  year,  and  gave  six  quarters  per 
acre,  which  were  sold  at  46s.  a  quarter.  No  manure  had  been  applirc] 
with  Ihe  bean  crop,  and  except  a  good  dose  of  lime  before  sowing  the 
wheal,  nothing  but  the  saline  mixtures  mentioned  below  was  applied 
with  this  latter  crop. 

AppllcRlloQ  per  Imperial  acre.  ,— '■— ,  Werghtpec    proclucprl  of 

cwt.  -mA.     lbs.  lbs.  lbs. 

Sulphate  of  Ammonia,  3  cwt.-  j       g^  .^g    ^  ^  ^^ 

Snlphateof  Ammonia,  2  cwt.    1 

Sulphate  of  Soda,  3  cwt.    .    ,  V       l-li  «      G  60  631 

Wood-ashee,  4  owt ) 

Sulphate  of  Ammonia,  3  cwt.  ) 

Common  Sail  2  cwt.    ...  >       45  49      0  60  65i 

Wood-ashes,  4  cwt.      .    .    .  } 

Sulphateof  Ammonia,  3  cwt.   1 

NiU'ate  of  Soda.  1  cwt.     .     .  J       Ui  iB    30  59  54s 

Wood-aahes,  4  cwl.     .      .      .  ) 

No  AppHcaUm. S9'  31    39  61i  76j 

The  reader  will  observe  here  that  though  the  first  mixture  produceJ 
a  large  increase  both  of  straw  and  grain,  a  still  larger  additional  increase 
was  caused  by  mixing  with  the  substances  of  which  it  consisted  either  com- 
mon salt  or  sulphate  of  soda  or  nitrate  of  soda.  Each  of  these  three  sub- 
stances produced  nearly  the  same  effect.  The  soda,  therelbre,  more 
than  the  acid  with  which  it  was  coriibined,  must  in  these  cases  have  act- 
ed beneficially.  The  comparatively  small  proportion  of  fine  flour  yield- 
ed by  the  nilraled  wheat,  and  the  comparatively  large  proportion  ob- 
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tained  from  lliat  to  which  no  application  was  made,  are  also  highly  de- 
Mr.  Burnet  has  Iraaainitted  lo  me  samples  of  the  flour  from  these 
several  groijvlfia  of  wheat,  wilh  the  view  of  determining  the  relative 
prt) portions  of  gluten  they  contain.  The  result  of  this  examination, 
which  cannot  foil  lo  be  interesting,  will  be  given  in  a  Bucceeding  Lec- 
ture— before  which,  however,  1  hope  the  whole  of  Mr.  Burnet'a  expen- 
nicnts  will  be  laid  before  the  public. 

It  will  be  observed  that  Mr,  Burnet  has  exercised  a  sound  discretion 
in  making  and  trying  mixtures  not  hitherto  specilically  recommended. 
It  is  by  ihe  result  of  such  varied  experimental  trials,  made  by  intelli' 
gent  practical  men,  on  diflerent  soils  and  crops,  and  with  mixtures  of 
which  the  cotiHitutiimis  exactly  known,  thEt  we  sliall  be  able  hereafter  to 
correct  our  theoretical  princi|iles — as  well  as  to  simplify   and  render 


^Since  writing  the  above,  I  am  informed  that  ihe  silicate  of  pi/lask,ie' 
fcrred  to  at  p.  349,  is  manufactured  by  Messrs.  Dymond,  of  London,  and 
may  be  obtained  from  tlie  London  dealers  at  563.  a  cwt.  I  expect  also, 
that  a  silicate  ofsoda  will  soon  be  brought  into  the  marltet  by  the  Messrs. 
Cooksons,  of  the  Jarrow  Alkali  Works,  at  a  much  lower  price.  The 
probable  efficacy  of  these  substances,  as  manures,  has,  no  doubt,  heen 
extolled  too  highly  by  some^their  real  efficacy,  however,  is  well  de- 
serving of  investigation.  I  insert  in  the  Appendix  No.  Vll,  therefore, 
some  suggestions  for  experiments  with  these  substances,  in  the  hope  that 
during  tlie  spring  of  1843,  some   experiments  on  rhe   subject  may  bo 
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I.ECTURE  XVII. 

oMime'ia  opplii^d  lo  ihe^anf —Marl-sheH  and  ™rariind,— lime-«Qn6  saod  and  gravel, 

^rtE^-Th™'eff™ls' on  rh"MJ^— oSeor Xffc.-l™'lmT"ece"'^      'he  Mill— Ei- 

OuinlilygrifiDstnbe'a^llori.— is^cM^orsnoTsnloH^ 

—and  (nihs  application  of  nuiure.—Rinnenl  and  spnM  efftots  on  difibrent  mils  and 
empi.— Clrcnmilancea -whlcb  InAsance  nsaction.—Leninh  of  ilme  duiing  vfhicli  ila  ef- 


HiviNG  explained  to  you  the  action  of  the  most  important  saline 
and  mised  mineral  substances  which  are  or  may  be  beneficially  ap- 
plied to  the  soil,  1  have  nois"  to  draw  your  attentron  to  the  use  of  Ume 
— the  most  valuable  and  the  most  extensively  used  of  all  the  mineral 
subslances  that  have  ever  been  made  available  in  practical  agricul- 
ture. It  has,  and  with  much  reason,  been  called  "  the  baeis  of  all 
^od  husbandry" — it  well  deserves,  therefore,  your  most  serious  atten- 
tion as  practical  men,  and  ori  my  pa,rt  the  application  of  every  chem- 
ical light  by  whidi  its  usefulness  maybe  explained  and  your  practice 
guided.  This  consideration  also  will  justify  me  in  dwelling  upon  it 
with  some  detail,  and  in  ilSoBtrating  separately  the  various  points, 
both  of  theory  and  practice,  which  present  themselves  to  us,  when 
we  study  the  history  of  its  almost  universal  application  to  the  soil. 

§1.  Of  the  composition  of  commott  and  magnesian  liine-Btotuis. 

v.  Common  lime-stones. — Lime  is  never  met  with  in  nature  except 
in  a  state  of  chemic^  combination  (Lee.  I.,  §  5,)  with  some  other 
subslance.  That  which  is  usually  employed  in  agriculture  is  met 
with  in  the  state  of  carbonate. 

Carbonate  of  lime,  or  common  lime-stone,  consists  of  lime  and  car- 
bonic acid,  and  when  perfectly  pure  and  dry,  in  the  following  prc^or- 


]r  one  ton  of  pure  dry  carbonat*  of 
lime  contains  Hi  cwts.  of  lime. 
100     ' 

Limestones,  however,  are  seldom  pure.  They  always  contain  a  sen- 
sible quantity  of  other  earthy  matter,  chiefly'silica,  alumina,  and  oxide 
of  iron,  with  a  trace  of  phosphate,  of  lime,  sometimes  of  potash  and  soda, 
and  often  of  animal  and  other  organic  matter.  In  lime-stones  of  the 
best  quality  the  foreign  earthy  matter  or  impurity  does  not  exceed  5  per 
cent,  of  the  whole — while  it  is  often  very  much  less.    The  cballre  and 
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n  lime-stones  are  generally  of  thia  kind.  In  those  of  inferior 
quality  it  may  amount  tfl  12  or  20  per  cent.,  while  loany  calcareous  beds 
are  met  within  which  the  proportion  of  lime  is  so  small  that  they  will 
not  burn  into  agriculture  or  ordinaTyboilding  lime — refusing  to  elake 
or  to  fall  to  powder  when  moistened  with  water.  Of  this  kmd  is  the 
Irish  calp  and  the  lime-etone  nodules  which  are  burned  for  the  man- 
ufacture of  hydraulic  liroes  or  cements.*  It  is  easy  to  ascertain  the 
auantity  of  earthy  matter  contained  in  lime-etoBe,  by  simply  intro- 
ucing  a  known  weight  of  it  into  coid  diluted  muriatic  acid,  and  ob- 
serving or  weighing  the  part  which,  after  12  hours,  refuses  to  dis- 
solve or  to  exhihit  any  effervescence.  It  is  to  the  presence  of  these 
insoluble  impurities  tlmt  lime-stones  in  general  owe  their  color,  pure 


_  ,u  lime-stones  of  our  island  are  generally  of  a  yellow  color.  They 
cannot  by  the  eye  be  distinguished  Irom  common  lime-stones  of  a  simi- 
lar color,  but  they  are  characterised  by  containing  a  greater  or  less 
proportion  of  carbonate  of  magn^ia,  which  is  more  or  less  easily  de- 
tected by  analysis.    Pure  carbonateof  magnesiaconsislsof 
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It  contains,  therefore,  a  considerably  larger  proportion  of  carbon 
acid  than  is  present  in  carbonate  of  lime. 

Magnesian  lime-stone  is  very  abundant,  is  indeed  the  prevailing 
rock  in  many  parts  of  England  (Lee.  XL,  sec.  4,)  but  the  proportion 
of  carbonate  of  magnesia  it  contains  is  very  various  in  different  lo- 
calities. Even  lathe  same  quarry  different  beds  contain  very  unlike 
proportions  of  magnesia,  and  are  therefore  more  or  less  fitted  lor 
agricultural  purposes.  Thus  eeverat  varieties  of  this  lime-stone,  ex- 
amined' by  myself;  from  different  parts  of  the  county  of  Durham, 
contained  the  two  carbonates  in  the  foUowmg  proportions ; 

Garmondsway 975       3-5      trace      Irace  Hard  compact  grey. 

Stony-gale 9S0      1  61    0-37      013   Cnrslaliinefine  grained  yellow 


Cryslaliinefir 
ifioney-CDir 


Folwell  95-0  2-1  03  3-6  j  "™er<>™b^  =rysu.]lin. 

SeahamCA) 9fi-5  3-3  0'3  10  Hard  fine-grained  eompaot. 

"        (B) 950  1'3  0-2  3-5  Hard  porous  brown. 

Hartlepool 54.5  44'93  0'33  024  Oolitic  yeUow. 

HumbledonHill(A)57-9  41-8        f  0-38  Perfect  encrinal  coiumns. 

"        "    (B)60'41  3878      1  0-81  Consistinginpartencrinalcol. 

FerryHUI 54-1  44'73  1-58  46  Yeliowiah  compact. 

Some  of  these  varieties,  as  we  see,  contain  very  little  ci 

•ThuslhJLt  of  Aberlliiwconlnina  alHiul  86  of  OBrlwnate  of  lime  end  II  of  clay,  *c,; 


magnesia,  and  therefore,  are  found  to  produce  excellent  Hme  for  agri- 
cultual  purposes — while  in  others  this  substance  forms  nearly  one- 
half  of  the  whole  weight  of  the  rock.  Similar  differences  are  found 
to  prevail  in  almost  every  locality. 

This  admixture  of  magnesia  in  greater  or  lesa  quantity  is  not  con- 
Ened  to  the  lime-atones  of  the  magneeian  lime-stone  formation  pro- 
perly so  called.  It  is  found  in  sensible  quantity  in  certain  beds  oj' 
lime-stone  in  nearly  every  geological  formation,  and  there  are  few 
natural  lime-stones  of  any  itind  in  which  Iraces  of  it  may  not  be  dis- 
covered by  a  careiully.  conducted  chemical  esaniination. 

The  simplest  method  of  detecting  magnesia  in  a  !ime-stooe  is  to  dis- 
solve it  in  diluted  muriatic  acid,  and  then  to  pour  clear  lime  water  into 
the  filtered  solution.  If  a  light  white  powder  fall,  it  is  magnesia.  The 
relative  proportions  in  two  Imie-stones  may  be  estimated  pretty  nearly 
by  dissolving  an  equal  weight  of  each,  pouring  the  filtered  solutiona 
into  bottle  which  can  be  corked,  and  Jien  filling  vtp  both  with  lime 
water.  On  subsiding,  the  relative  bul&s  of  the  i>recipitates  will  indi- 
cate the  respective  nchness  of  the  two  varieties  in  magnesia. 

§  2.  Of  the  burning  and  slaking  of  lime. 

Burning. — When  carbonate  of  lime  or  carbonate  of  magnesia  is 
heated  to  a  high  temperature  in  (he  open  air  the  carbonic  acid  they 
severally  contain  is  driven  of^  and  the  lime  or  magnesia  remains  in 
the  caustic  state.  When  thus  heated  the  carbonate  of  magnesia 
parts  with  its  carbonic  acid  more  speedily  and  at  alower  temperature 
than  carbonate  of  lime. 

On  the  large  scale  this  burning  is  conducted  in  lime  kilns,  one  ton 
good  limestone  yielding  about  11  cwts.  of  ftwrned,  ahell,  quick,  or 
caustic  lime. 

Slakinq!. — When  this  ahell  or  quick-lime,  as  it  is  taken  from  the  kiln, 
is  plunged  into  wafer  for  a  short  time  and  then  withdrawn,  or  when  a 
quantity  of  water  is  poured  upon  it,  heat  is  developed,  the  lime  swells, 
cracks,  gives  off  muon  watery  vapor,  and  finally  ialls  to  a  line,  bulky, 
more  or  less  while  powder.  These  appearances  are  more  or  less  rapid 
and  striking  according  to  the  quality  of  the  lime,  and  the  time  that  has 
been  allowed  to  elapse  atW  the  burning,  before  the  water  was  applied. 
All  lime  becomes  <fiificult  to  slake  when  it  has  been  for  some  time  cx- 

Eosed  to  the  air.  When  the  slacking  is  rapid  as  in  the  rich  limes,  the 
eat  produced  is  sufficient  to  kindle  gunpowder  strewed  upon  it,  and 
the  increase  of  bulk  is  from  3  to  3i  limes  tJ^t  of  the  ordinal  lime 
shells.  If  the  water  be  thrown  on  so  rapidly  or  in  such  quantity  as 
to  chill  ttie  lime  or  any  part  of  it,  ttie  powder  will  be  gritty,  will  con- 
tain many  little  lumps  which  refuse  to  slake,  wii!  also  he  less  bulky 
and  less  minutely  divided,  and  therefore  will  be  less  fitted  either  for 
agricultural  or  for  building  purposes. 

When  quick-liine  is  left  in  the  openair,  or  is  covered  over  with  sods 
in  a  shallow  pit,  it  gradually  absorbs  water  from  the  air  and  from  the 
soil,  and  falls,  though  much  more  slowly,  and  with  little  sensible  deve- 
lopment of  heat,  into  a  similar  fine  powder.  In  the  rich  liraes  the  in- 
crease of  bulk  may  be  3  or  3i  times ;  in  the  poorer,  or  such  as  contain 
much  earthy  matter,  it  may  be  less  than  twice. 


Ies9  cauadc  compound,  which  among  chemiats  iskoown  by  the  name  of 

hydrate  oditoB.    This  hydrate  consists  of 

Lime     .     .  76  percent,  t  or  one  ton  of  pnre  burned  iime  becomes 
Water   .     .  24        "        J  nearly  25  cwc.  of  slaked  lime. 
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It  is  rare,  however,  that  lime  is  so  pure  or  so  skilfully  and  perfectly 
slpked  as  to  lake  up  (he  whole  of  this  proportion  of  water,  or  to  increase 
quite  so  much  as  one-fourth  part  in  weight. 

Hydrate  of  Magneda. — When  calcined  or  caustic  magnesia  is 
slated,  it  also  combines  with  water,  bur  without  becoming  so  sensibly 
hot  HS  quick-lime  does,  and  tbrms  a  hydrate,  which  consists  of 

Maonesia  .  69'7  per  cent.  }  or  one  ton  of  pure  burned  magnesia  be- 

Wwer  .     .  30'0        "         <,  comes  28f  cwt.  of  hydrate. 

10,0 

When  magnesian  lime  is  slaked,  the  fine  powder  which  is  obtained 
consists  of  amixiure  of  these  two  hydrates,  in  proportions  which  depeud 
of  course  upon  the  composition  of  the  original  lime-stone. 

At)  important  difierence  between  these  two  hydrates  is,  that  the  hy- 
drate of  magnesia  wilt  harden  under  water  or  in  a  wet  soil  in  about  3 
days — fo  m  ng  a  hydraulic  cement.  Hydrate  of  lime  will  not  su 
I  n  len  bn  a  n  s  re  of  the  two  in  the  proportions  in  which  they  exist 
in  1  e  Ha  lepool  Humbludon,  and  Ferryhill  lime-stones  (page  365), 
\  11  ha  de  u  de  water,  and  form  a  solid  mass.  In  the  minute  slate 
of  d  on  n  wl  ch  lime  is  applied  to  the  soil,  (he  particles,  if  it  be  a 
ma  e.  a  1  rie  will,  in  wet  soils,  or  in  the  event  of  rainy  weather 
ensu  ng  mmed  a  ely  after  its  application,  become  granular  and  gritty, 
and  cohe  e  occas  onally  into  lumps,  on  which  the  air  will  have  little 
eSect.  This  property  is  of  considerable  importance  in  connection  with 
the  further  cheiaigal  changes  which  slaked  limes  undergo  when  exposed 
to  the  air  or  buried  in  the  soil. 

§  3.   Changes  whidt  the  hydrates  of  lime  and  magnesia  undergo  by 
prolonged  expomire  to  the  air. 

When  the  hydrates  of  lime  or  magnesia  obtained  by  slaking  are  ex- 
posed to  the  open  air,  they  gradually  absorb  carbonic  acid  fmm  the  at- 
mosphere, and  lend  to  return  to  the  state  of  carbonate  in  which  they  ei- 
isied  previous  (o  burning.  By  mere  exposure  to  the  air,  however,  they 
do  not  attain  to  this  state  within  any  assignable  time.  In  some  walla 
600  years  old,  the  lime  has  been  found  to  have  absorbed  only  one-fourth 
of  the  carbonic  acid  necessary  to  convert  the  whole  into  carbonate;  in 
others,  built  by  the  Eflmans  IfiOO  years  ago,  the  proportion  absorbed 
has  not  exceeded  three-fourths  of  ihe  quantity  contained  in  natural  lime- 
stones. In  damp  situations  the  absorption  of  carbonic  acid  proceeds 
most  slowly. 

1°.  Change  undergone  by  pure  lime  during  spontaneous  slaJcing. — 
In  consequence,  however,  of  the  strong  tendency  of  caustic  lime  to  ab- 
iorb  carbonic  acid,  a  considerabSe  quantity  of  the  hydrate  of  lime  first 


Ibrmed,  during  sponlaneoua  slaking,  becomes  changed  into  caibonale 
duriag  the  slaking  of  ihe  rest.  But,  when  it  has  all  completely  fallen, 
the  rapidity  of  the  absorption  ceasea,  and  the  Hue  slaked  lime  consista  of 

Carbonaie  of  lime 57*4 

Hydrate  of  Eme  J ';7^^;     ;     ;     ^^      i2-6 
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or,  a  ton  of  lime,  left  in  the  open  air  till  il  has  completely  fallen  to 
powder,  contains  about  8i  cwt.  in  the  state  of  hydrate.  If  left  to  slake 
in  large  heaps,  the  lime  in  the  interior  of  those  heaps  will  not  absorb  so 
much  carbonic  acid  till  after  the  lapse  of  a  very  considerable  time. 
More  caustic  lime  (hydrate)  alao  will  be  present  if  il  be  left  to  slake,  aa 
is  ofien  done  for  agricnliural  purposes,  in  shallow  pits  covered  with  sods, 
to  defend  it  from  the  air  and  the  rains. 

After  the  lime  has  attained  the  state  above  described,  and  which  is  a 
chemical  compound'  of  carbonaie  with  hydrate  of  linje,  the  furdier  ab- 
sorption of  carbonate  acid  from  the  air  proceeds  very  slowly,  and  is  only 
completely  effected  after  a  very  long  period. 

2°.  Wh4n  slaked  in  the  ordinary  way  lime  falls  to  powder,  without 
having  absorbed  any  notable  quantity  of  carbonic  acid.  Numerous 
small  lumps  also  remain,  which,  though  covered  with  a  coating  of  hy- 
drate, have  not  themselves  absorbed  any  water.  The  absorption  of 
carbonic  acid  by  this  slaked  lime  is  at  first  very  rapid, — so  that  where 
the  full  efleci  of  caustic  lime  upon  (he  soil  is  required,  it  ought  to  bo 
ploughed  in  as  early  as  possible, — but  it  gradually  becomes  more  slow, 
a  variable  proportion  of  the  compound  of  carbonaie  and  hydrate  above 
described  is  formed,  and  even  when  thinly  scattered  over  a  graa^-field, 
an  entire  year  inay  pass  over  without  effecting  the  complete  conversion 
of  the  whole  into  carbonaie. 

3°.  Calcined  or  burned  magnesia,  whether  in  (he  pure  state  or  mixed 
with  quick -lime,  as  in  the  magoesiao  limes,  absorbs  carbonic  acid  more 
slowly — and  by  mere  exposure  to  the  air  will  probably  never  return  to 
its  original  condition  of  carbonate. 

When  allowed  to  slake  spontanpously,  three-fourths  of  it  become 
ultimately  changed  into  carbonate,  and  form,  a  compound  of  hydrate 
and  carbonate  which  is  identified  with  the  common  uncalcined  magne- 
sia of  the  shops.     This  compound!  consists  of 

Carbonate  of  magnesia 69'37 

Hydrate  of  magnesia 16'03 

Water      . 14-60 

100 
and  it  undergoes  no  further  change  by  continued  exposure  to  the  air. 
But  if  slaked  by  the  direct  application  of  water,  magnesia,  like  lime, 

■This  comiioundcoBEialaof  one  Blomaf  carbonate  oflimeWaO -I- CO!)  comhloBdwIlh 
oneofhjdraloWaO  +  HOOandiareiiresentedBhDrlljbj  Ca  ii-l-Ca  H— in  which  Ca 
dsnoles  OBlcliim  (Lee.  IK.  1 4,)  Ca  O  or  Ca  oiide  of  oalcium  or  lime,  CO!  or  0  carbonio 


3  (Mg  C  +  b)  +  Ms  B 
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forms  a  hydrate  only,  wiihout  absorbing  any  sensible  quantity  of  car* 
bonic  acid.  Tlie  byilrate  thus  produced  is  met  with  in  the  Ibrm  of 
mineral  clepoaiis  on  various  parts  of  the  earth's  surface,  and  this  mineral 
is  not  known  lo  undergo  any  charge  or  to  absorb  carbonic  acid  though 
exposed  for  a  great  length  of  time  lo  the  air.     Wheu  magnesiao  limes 


•e  slaked  by  water,  iherefore,  the  magnesia  they  comain  may  ri 
whole  or  in  part  ia  the  caustic  stale  (of  hvdrate),  which  will  ctiange 
It  slowly  even  when  expised  lo  the  air.     Wheu  it  is  left  lo  sponta- 


la  slaking,  one-fburlh  of  it  at  least  will  always  re 
state,  however  long  it  may  be  exposed  to  the  air. 

Should  a  lime  be  naturally  of  such  a  kind,  or  be  so  mixed  with  the 
ingredients  of  the  soil  as  to  form  a  hydraulic  cement  or  on  ordinary 
moriar,  which  will  solidify  when  raitis  come  upon  it,  or  when  the  natu- 
ral moisture  of  the  soil  reaches  i( — (he  absorption  of  carbonic  acid  will 
in  a  great  measure  cease  as  it  becomes  solid,  and  a  large  proporiion  of 
the  lime  will  remain  caustic  for  an  indeSnite  period. 

I  4.  Stales  ofthemical  corrthination  in  vihick  lime  may  he  applied  to 
(he  land. 

There  are,  therefore,  four  disttncc  states  of  chemical  combiualion,  ia 
which  pure  lime  may  be  aitifieiaEly  applied  to  the  land. 

1  '■.  Quick-lime  or  lime-shelis,  in  which  the  lime  as  it  comes  from  llie 
kiln  is  uncombined  either  with  water  or  wilh  carbonic  acid. 

2°.  Slaked  ihne  or  hydrate  of  lime,  in  which  by  (be  direct  application 
of  water  ii  has  been  made  to  combine  with  about  one-fourth  of  its 
Wright  of  water. 

Ia  both  these  states  the  linte  is  caustic,  and  may  be  properly  spokea 
of  as  caustic  lime. 

3°.  Spontaneously  slaked  iime,in  which  one- half  of  the  lime  is  com- 
bined with  water  and  the  other  balf  with  carbonic  acid.  In  this  state 
it  ia  only  half  caustic. 

4°.  Carbonate  of  lime — )he  stale  in  which  it  occurs  in  nature,  and  to 
which  burned  iime,  after  long  exposure  to  the  air,  more  or  less  perfectly 
arrives,  la  this  state  lime  possesses  no  caustic  or  alkaline  (p.  43,  §  5, 
note)  properties,  but  is  properly  called  mild  lime. 

5°.  Bi-cafbonate  of  lime  may  be  adverted  to  as  a  fifth  state  of  com- 
bination, in  which,  as  I  have  previously  explained  to  you  (pp.  45-6, 
1 1),  nature  usually  apphes  lioie  to  the  land.  In  this  state  it  is  combined 
with  a  double  pmportion  of  carbonic  acid,  and  is  lo  a  certain  extent 
readily  soluble  in  water.  Hence,  springs  are  often  impregnated  with 
it.  and  the  waters  that  gush  from  Ssaures  in  the  lime-stone  rocks  spread 
it.throu^h  the  soil  in  their  neighbourhood,  and  sweeten  the  land. 

1  shali  hereafter  speak  of  these  several  states  tinder  tlie  names  of 
miiek-Wine,  hydrate  of  lime,  spontaneously  slaked  lime,  carbonate  of 
lime,  and  Bi-carbonate  of  lime.  By  adhering  lo  these  strictly  correct 
Barnes,  we  shall  avoid  some  of  that  confusion  inlo  which  those  who 
have  hilherto  treated  of  :he  use  of  lime  as  a  manure  have  unavoidably 
fallen.  The  term  mild,  you  wjl!  underetaad,  apjilies  only  to  that  which 
is  eniirely  in  the  stale  o?  carbonate. 

Magnesia,  in  the  magnesian  limes,  may  in  like  manner  be  either  in 
the  State  o^caldned  magnesia,  oikydrate  of  magnesia,  oi  spontaneously 
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slaked — meaning  by  this  the  compound  of  hydrate  with  carbonate — of 
carbotuite,  or  of  Si-carbtmate  of  iiiagnesia,  the  latter  of  which  is  so- 
luble in  water  to  a  very  considerable  extent.  (It  dissolves  in  4S  times 
ils  weight  of  water — or  a  gallon  of  water  will  dissolve  5  ounce's  of 
the  Bi-carbonate  containing  1|  ounces  of  magnesia.) 
§5.  Of  the  V: 

In  the  unbumed  or  natural  state,  lime  is  met  with  on  the  earth's 
surface  in  numerous  forms — in  many  of  which  it  can  be  appUed 
largely,  easily,  and  with  economy  to  the  land. 

1°,  Marl.— OH  these  forma  that  of  marl  occurs  most  abundanih', 
and  is  most  extensively  used  in  almosteverycountry  of  Europe.  By 
the  term  mari,  is  understood,  as  I  explained  to  you,  when  Ideating  of 
soils  (Lee.  XL,  §  3,)  an  earthy  mixture,  which  contains  carbonate  of 
lime,  and  efferv^ces  more  or  lesa  seosibiy  when  an  acid  (vinegar  or 
diluted  muriatic  add — spirit  of  salt)  is  poured  upon  it  Generally, 
also,  the  tenacious  marls,  when  introduced  into  water,  lose  their  co- 
herence, and  gradually  ftdl  to  powder.  This  test  is  often  employed 
to  distinguish  between  marlj'  and  other  clays,  yet  the  faUing  asunder, 
though  It  aiford  a  presumption,  is  not  an  infailible  proof  that  the  sub- 
stance tried  is  really  a  marl. 

Marls  areofvariouacolora,  white,  grey,  yellow,  blue,  and  of  various 
degrecBof  coherence,  some  occurring  in  tiie  form  of  a  more  or  lees  fine, 
loose,  sandy  powder,  others  being  tenaciousi  and  clftyey,  and  others, 
again,  hard  and  stony.    These  dmerences  arise  in  part  from  the  kind 

id  proportion  of  the  earthy  matterstliej"  contain,  and  in  part,  also,  from 


thepulverisinginfluenceofawinter'sfrost  before  they  ai .     ^    .     , 

over  the  pasture  or  ploughed  into  the  arable  land.  Some  rich  marls 
consist  in  part  or  in  whole  of  broken  and  comminuted  shells,  which 
clearly  indicate  the  source  of  the  calcaredus  matter  Ihey  contain, 

auarti-SaiidA:  Silica..    5-6  '  33^"  sF*'  13-i'  ^789^'  llT' 

Alumina 0-4  lOO  8-4           1-9  31  40 

Oxidsaoflton 43  19  fil           32  3  8  65 

Do.  ofiMagnesia trace  traca  0-3           0-3  03  11 

Carbonateof  Lime....  8S-5  36-0  18-3  181  83  13  3 

Do.  of  Magnesia,....,    1-^  0-9  3-8           1'5  3-0  2G 

Snlphuret  of  Iron —  7-3  ^           —  —  — 

Potash  &  Soda,  com-  >     n.nc  ,  „  „  ,. fi           n  a  n-«  n  y 

binedwhh  Silica..}     ""^  """^  ^^          "^  "^  ''^ 

CommonSalt 003  trace  trace         Ivace  01  trace 

Gvpauni 0'06  0-9  3'1           01  05  irsce 

^fe'lTarf.)'''"^      I     ^'^  0-^  f-S  *'''  1'^  '^ 

Nitrate  of  Lime 001         —  —  -  — 

Organic  Matter O'G  205  —  _  _  _ 

100         100  100  100         100         100 
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The  characterietie  property  of  true  mark  of  every  variety  is,  I  have 
Miid,  tlie  presence  of  a  considerable  per  ceil  tage  of  carbonate  of  iiiue  in 
the  Btateofafine powder,  and,  in  general,  diBbsed  uniformly  through 
tile  entire  masB.  To  this  calcareous  matter  the  chief  efficacy  of  these 
marls  ia  no  doubt  to  be  a^ribed,  yet  as  they  always  contain  other  chem- 
ical compounds  to  which  tlie  special  efficacy  of  certain  varieties  haa 
sometinies  been  ascribed,  it  may  not  be  im^rojier  to  direct  your  attention 
to  Che  preceding  table,  inwhicn  the  constitution  of  several  marls,  from 
different  localities,  is  represented,  after  the  analyses  ot  Sprengel. 

Several  reflections  wul  occur  to  you  on  looking  at  Uiese  tables — such 

First — that  marls  differ  very  much  in  composition,  and  therefore 
must  differ  Very  much  also  in  the  effects  which  they  are  capable  of  pro- 
ducing when  applied  in  Ihe  same  quantity  to  the  same  kinds  of  land. 

Second — tliat,  among  other  differences,  the  proportion  of  carbonate 
of  lime  is  very  unlike — in  some  varieties  amounting  to  85  lbs.  out  of 
every  hundred,  while  in  others  as  little  as  5  lbs.  are  present  in  the  same 
weight.  You  will  understand,  therefore,  how  very  different  the  quan- 
tity applied  to  the  land  must  be,  if  these  several  varieties  are  to  produce 
an  equal  liming  or  to  add  equal  quantities  of  lime  to  the  soit  You 
will  see  that  eachof  three  persons  may  be  adopting  the  best  practice 
with  Ilia  own.  marl— though  the  one  add  only  12  to  20  tons  per  acre, 
while  tlie  second  adds  50  to  80,  and  the  third  100  to  120  tons. 

Third — that  the  proportion  of  phosphate  of  lime  (bone-earth)  is  in 
some  marls  considerably  greater  Uian  in  others.  Thus  with  every  ton 
of  the  first  of  tlie  above  marls  you  would  lay  on  the  soil  52  lbs.  of  bone 
earth— about  as  much  as  is  contained  in  a  cwt.  of  hone  dust — while 
with  the  second  you  would  only  add  11  lbs.  In  so  tar  as  their  effects 
upon  tlie  land  depend,  or  are  influenced  by  Qie  presence  of  this  sub- 
stance, therefore,  they  must  also  he  very  mfferent    And, 

Fourth — Chat  the  mechanical  effects  of  these  marls  upon  the  soil  to 
which  they  are  added  must  be  very  unUke,  since  some  contain  70  or 
SO  Iba.  of  sand  in  every  hundred — while  others  contain  a  considerable 
quantity  of  clay.  The  opening  effects  of  the  one  marl,  and  (he  stiff- 
ening effects  of  the  other,  when  they  are  laid  on  in  large  quantities) 
cannot  fiul  to  produce  very  different  alterations  in  the  physical  cha- 
racters of  tlie  soil, 

2°.  SheU  Sand. — The  sands  that  skirt  the  shores  of  the  sea  are 
found  in  many  localities  to  be  composed,  in  laree  proportion,  of  the 
fragments  of  broken  and  comminuted  shells.  These  form  a  calcare- 
ous sand,  mixed  occasionally  with  portions  of  animal  matter,  and, 
when  t^en  fresh  from  the  sea-shore,  with  some  saline  matter  derived 
from  the  sea. 

Such  is  the  case  in  many  places  on  the  coast  of  Cornwall-  From 
these  spots  the  sand  is  transported  to  a  distance  of  many  miles  into 
the  interior  f6r  the  purpose  of  being  laid  upon  th^  land.  It  has  been 
estimated  (De  la  Beche's  Geological  Report  on  ComiBaU,  ^c,  p.  480) 
that  seven  millions  of  cubic  feet  are  at  present  employed  every  year 
in  that  county  for  this  purpose. 

On  the  western  coast  of  Scotland  also,  and  on  the  shores  of  the  island 
of  Arran  and  of  the  Western  Isles,  this  shell  sand  abounds,  and  is 
16» 
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applied  extensively,  and  with  remarliably  beneficial  effects,  bolh  to  the 
pasture  lands  and  to  the  peaty  soils  that  cover  so  large  an  area  in  Ihis 
remote  part  of  Scotland.  It  is  ohiefly  along  the  coasts  that  it  hae  hith- 
erto been  extensively  employed,  and  it  is  transported  by  sea  to  a  dis- 
tance of  80  or  100  miles.  "  In  the  island  of  Barray  alone,  there  are  four 
square  miles  of  sheUs  and  shell  sand  of  the  finest  quality  and  of  an 
indefinite  depth"  (Macdonald'a  AgrictUtural  SuT'veij  of  the  Hebrides, 
p.  401.)  When  covered  with  a  dressing  of  this  shell  sand  the  peaty 
surface  becomes  covered  with  a  sward  of  delicate  grass — and  the 
border  of  green  herbage  that  skirts  the  shores  of  these  islands  in  aa 
many  places  is  to  be  ascribed  olther  to  the  artificial  applications  of 
such  dressina  or  to  the  natural  action  of  the  sea  winds  in  strewing 
the  fine  sand  oyer  them,  when  seasons  of  storm  occur. 

The  coast  of  Ireland  is  no  leas  rich  in  such  sand  in  many  parts  both 
of  its  northern  and  southern  coasts.  A  century  and  a  half  ago,  it  is 
known  to  have  been  used  for  agricultur'.  purposes  in  the  north  of  Ire- 
land— and  nearly  as  long  ago  to  have  ^en  brought  over  to  the  oppo- 
site (Galloway)  coast  of  Scotland  w  n  a  view  oiTieing  appUed  tome 
land  (Macdonald.)  In  the  south,  a  cording  to  Mrs.  Hall,  (Mrs.  Hall's 
'Ireland^  the  coral  sand  raised  in  Bantry  Bay  alone  produces  £4000 
or  £5000  a-year  to  the  boatmen  who  procure  it  and  to  the  peasants 
■who  convey  it  up  the  country. 

On  the  coast  of  France,  and  especially  in  Brittany,  opposite  to  Uorn- 
wall,  on  the  other  side  of  the  English  channel,  it  m  obtained  in  large 
quantity,  and  is  in  great  demand  f  Payen  and  Boussingault,  Aiwtalesae 
Ckim.  etdePhys.,  thirdseries,  iii.,  p.  99.)  It  is  applied  to  the  clay  soils 
and  to  marshy  grass  lands  with  much  advantage,  and  is  carried  ikr 
inland  for  this  purpose.  It  is  there  called  trez,  and  is  laid  on  the  land  at 
the  rate  of  10  to  15  tons  per  acre.  On  the  southern  coasts  of  France, 
where  shell  sand  is  met  with,  it  is  known  by  the  name  of  tanque  or 
tangue. 

The  shell  sand  of  Cornwall  contains  from  40  to  70  per  cent,  of  cai^ 
bonate  of  lime,  with  an  equally  variable  small  admixture  of  animal 
matter  andof  sea  salt.  The  rest  is  chiefly  siliceous  sand.  Other  va- 
rieties have  a  similar  composition.  Two  specimens  oTtangiie  from  the 
south  of  France,  analysed  by  Vitalis,  and  one  of  shell  sand  from  tJie 
island  of  Isla,  partially  examined  by  myself,  consisted  of 

Sand,  chiefly  siliceous 30'3  40  J-jit,    r- 7 

Alumina  and  Oxide  of  Iron 4-6  4-6  i  '^''  ^°  '^^'' 

Carbonate  of  Lime 660  47.5  23     to  34 

Phosphate  of  Lime ?           ?  0-3 

Water,  and  loea 9-1       7-9  — 

100     100  100 

3".  Carol  sand  is  similar  in  its  nature  to  the  shell  sand  with  which 
it  is  often  intermixed  on  the  sea-shore.  It  is  collected  in  considerable 
quantities,  however,  by  the  aid  of  the  drag—being  torn  up  by  the  fish- 
ermen in  a  living  state— on  the  coasts  of  Ireland  (Bantry  Bay  and 


living  state— on  the  coasts  of  Ireland  (Bantry  I 

I  and  on  the  shores  of  Brittany,  especially  near  the  mou  hib  01 

In  this  fresh  state  it  is  preferred  by  the  farmer,  probably  be- 

CkH«lc 
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cause  it  contains  both  more  saline  and  more  animal  matter.  This  ani- 
mal matter  enables  it  to  unite  in  some  measure  the  beneficial  effects 
which  follow  from  the  application  of  marl  aod  of  a  small  dressing  of 
farm-yard  or  other  valuable  mixed  manure. 

Payen  and  Boussiiigauit  ascribe  the  principal  efficacy  of  the  shell 
and  coral  sauds  to  ihe  umall  quantity  of  animal  matter  which- is  present 
in  ihem.  These  chemists  estimate  the  relative  manuring  powers  of 
diHereui  substances  applied  to  the  land  by  the  quantities  of  uiirogen 
which  they  severally  contain,  and  thus,  compared  with  farm-yard 
manure,  attribute  to  the  shell  and  coral  sands  the  following  relative 

100  lbs.  of  Farm-yard  Manure     .     ,     .     0-40    lbs.  100 

do.      of  Coral  Sand  {Merl)      .     .     .     0-512  lbs.  128 

do.      of  Shell  Sand  ( Trez)      .     .     .     0-13    lbs.  32i* 

That  is  to  say,  thai,  in  so  far  as  the  action  of  these  subslances  is  de- 
pendent  upon  the  nitrogen  they  contain,  fresh  coral  sand  is  nearly  one- 
third  tnore  valuable  than  farm-yard  manure,  while  fresh  shell  sand  is 
only  equal  in  virtue  to  one-third  of  its  weight  of  the  same  substance. 

Though,  as  I  have  already  had  freijueni  occasion  to  observe  to  you, 
much  weight  is  not  to  he  attached  to  such  meihodsof  estimatiag  the  re- 
lative values  of  manuring  substances  by  the  proportions  rf  any  one  of 
the  ingredients  they  happen  to  contain — yet  the  fact,  that  so  much  ani- 
mal matter  is  occasionally  pretieot  in  the  living  corals,  accou  nts  in  a 
satisfactory  manner  for  the  immediate  effects  of  this  form  of  calcareous 
applicalion.  This  animal  matter  acts  directly  aod  during  the  first  year; 
the  carbonate  of  lime  begins  to  show  its  beneficial  influence  most  dis- 
tinctly when  two  or  three  years  have  passed. 

4°.  Lime-stone  Sand  and  Gravel. — In  countries  which  abound  in 
lime-stones,  there  are  found  scattered  here  and  there,  in  the  hollows  and 
on  ihe  hill-sidea,  banks  and  heaps  of  sand  and  gravel,  in  which  rounded 
particles  of  lime-stone  abound.  These  are  distinguished  by  the  names 
of  lime-stone  sand  and  gravel,  and  are  derived  from  the  decay  or  wear- 
ing down  of  the  lime-stone  and  other  rocks  by  the  action  of  water. 
Such  accumulations  are  frequenl  in  Ireland.  They  are  indeed  exten- 
sively diffused  over  the  surface  of  that  island,  as  we  might  expect  in  a 
country  abounding  so  much  in  rocks  of  mountain  llme>stotie.  In  the 
neighbourhood  of  peat  bogs  these  sands  and  gravels  are  a  real  blessing. 
Tiiey  are  a  ready,  most  useful,  and  largely  employed  means  of  ita- 
provejnent,  producing,  upon  arable  land,  the  ordinary  effects  of  liming, 
and,  when  spread  upon  boggy  soils,  alone  enabling  it  to  grow  sweet 
herbage  and  to  aiTord  a  nourishing  pasture.  The  proportion  of  carbon- 
ate of  lime  these  sands  and  gravels  contain  is  very  variable.  I  have 
eiaiiiineil  two  varieties  from  Kilfinaue,  in  the  county  of  Cork  (7).  The 
one,  a  yellow  sand,  contained  26  per  cent,  of  carbonate  of  lime — there- 
Milue,  being  a  fine  red  sand,  chiefly  siliceous ;  the  other,  a  fine  pavel 
of  a  grey  colour,  contained  40  per  cent,  of  carbonate  of  lirne  in  the 
form  chiefly  of  rounded  fragments  of  blue  lime-stone,  the  residue  Doa' 
BiBiing  of  frag-nenis  of  sand-sione,  of  quartz,    anij  of  granite. 
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The  appliealloa  of  sucli  raisturea  must  not  only  improve  tlie  physi- 
cal characters  of  the  Boil,  but  ihc  presence  of  the  fraemeois  of  granite, 
containing  undecom posed  felspar  and  luica  (Lee.  SIl.,  ^  J),  must  cqq- 
triliute  materially  lo  aid  the  fertilbing  action  of  the  lime-stone  with 
■which  ihey  are  mixed. 

5°.  Criishcd  Limestoae. — The  good  effects  of  calcareous  marls  and 
of  lime-Mone  gravels  oafurally  suggest  (he  crushing  of  lime-stones  as  a 
means  of  obtaining  carbiDnate  of  lime  in  so  minnle  a  state  of  division 
that  it  tnay  be  usefully  applied  to  the  soil.  Lord  Kamea  was,  I  be- 
lieve, the  first  who  in  this  cotiniry  endeavoured  to  bring  this  suggesticn 
into  practical  operation.  He  is  said  io  have  caused  machinery  to 
be  erected  for  the  purjiose  in  one  of  the  remotest  districts  of  Scotland, 
but  from  some  cause  the  plan  aeeras  never  to  have  obtained  a  proper 
trial. 

One  of  tlie  results  which,  as  we  have  already  seen,  follows  from  the 
burning  of  rich  Ume  is  this,  that  it  naturally  falls  to  a  very.iine  powder 
as  it  slakes.  Where  coal  or  other  combustible  is  cheap,  therefore,  it 
may  possibly  be  reduced  to  a  fine  powder  by  burning,  at  a  less  cost 
than  it  could  be  crashed. 

Yet  there  are  two  cases  or  conditions  in  which  crushing  might  be  r*>- 
sorted  to  with  equal  advantage  and  economv  : 

First,  where  coal  is  dear  or  renoote,  while  lime-stones  and  wafer 
power  are  abundant.  There  are  many  inland  districts  in  each  of  the 
three  kingdoms  where  these  conditions  exist,  and  in  which,  therefore, 
the  erection  of  cheap  machinery  might  afford  the  means  of  greatly  fer- 
tilizing the  land  ;  and, 

Seeond-  there  are  in  niany  localities  rocks  rich  in  calcareous  mat- 
ter, which  are  nevertheless  so  impure,  or  contain  so  much  other  earthy 
tnaiter,  thai  they  cannot  be  burned  into  lime.  Yet,  if  crushed,  these 
same  masses  of  rock  would  form  a  valuable  dressing  for  the.  land. 
Many  lime-stones  of  this  Impure  character,  which  are  really  useless  for 
building  purposes — which  do  not  fell  to  powder  when  burned,  and 
which  have,  therefore,  been  hitherto  neglected  as  useless — might,  by 
crushing,  be  made  extensively  available  for  agiieultural  purposes.  The 
siliceous  lime-stones  (corn-stones)  of  (he  old  red  sand-stone,  the  earthy 
beds  of  the  mountain  lime-stone,  and  many  of  the  calcareous  strata  of 
the  Silurian  system  might  thus  be  tnade  to  improve  more  extensively 
the  localities  in  which  ihey  are  severally  met  with.  The  richer  limes 
now  brought  from  a  great  distance,  atid  at  much  expense — as  on  the 
Scottish  borders — might  be  in  a  great  measure  superseded  by  the  native 

I  6.  Effecti  of  marl  and  of  the  coral,  shell,  and  lime-stone  sands, 
■upon  the  soil. 
The  effects  which  result  from  the  application  of  the  above  natural 
forms  of  carbonate  of  lime  are  of  two  kinds. 

1°.  Their  physical  effect  in  altering  (hena(«ral  texture  of  the  soils  to 
which  ihey  are  added.  This  effect  will  necessarily  vary  with  the  na- 
ture of  the  earthy  tnatter  associated  with  the  lime.  Thus  the  clay 
marls  will  improve,  by  stiffening,  such  soils  as  are  light  and  sandy — . 
the  sIjoH  saqds  and  liine-stone  gravels,  by  opening  and  rendering  more 
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free  and  easier  worked  such  aulls  as  are  stiff,  iiitraelable,  and  more  ox 
less  impervious — while  either  will  impart  solidity  and  substance  to 
such  as  are  of  a  peaty  nature  or  over-bound  with  other  forms  of  vege- 
table matter. 

2°.  Their  chemical  effect  in  actually  rendering  the  soil  productive  of 
larger  crops.  This  effect  is  altogether  inilependent  of  an^  alteration  in 
the  physical  properties  of  the  soil,  and  is  nearly  the  same  ID  kind,  what- 
ever be  tfaevarip.tyof  marl,  &c-,  we  apply.  It  differs  in  rfegree,  chiefly 
according  to  the  proportion  of  calcareous  matter  which  each  variety 
contains.  This  action  of  the  pure  carbonate  of  lime  they  contain  is 
supposed  lo  be  modified  in  some  eases  by  the  proportion  of  phosphate  of 
lime,  &c.  (p,  370.)  with,  which  it  maybe  mixed — it  ia  certainly  modified 
by  the  animal  and  saline  matters  which  are  present  in  the  recent  cor- 
als and  shell  sands. 

The  several  effects  of  marls  and  calcareous  sands  being  dependent 
upon  circumstances  so  difierent,  it  is  not  surprising  that  the  opinions  of 
practical  men  sliould,  in  former  times,  have  been  divided  in  regard  lo 
the  action  of  this  or  that  marl  upon  their  respective  soils.  In  no  two 
localities  was  the  substance  applied  lo  the  land  exactly  alike,  and 
hence  unlike  results  must  necessarily  have  followed,  and  disappoint- 
ment been  occasionally  experienced  from  their  nse.  And  yet  the  im- 
portance of  rightly  understanding  the  kind  and  degree  of  effect  wliich 
these  manuring  substances  ought  to  produce  rnay  be  estimated  from 
the  fact,  that  a  larger  surface  of  the  cropped  land  in  Europe  is  improved 
by  the  assistance  of  calcareous  marls  and  sands — than  by  the  aid  of 
burned  lime  and  farm-yard  manure  put  together. 

It  is  not  easy  in  any  case  to  estimate  with  precision  what  portion  of 
the  effect  caused  by  a  given  marl  is  due  to  its  chemical  and  what  to  its 
physical  action.  Even  the  pure  limes,  when  applied  in  large  doses, 
produce  a  change  in  the  texture  of  the  soil,  which  on  stiff  lands  ia  ben- 
eficial, and  on  light  or  sandy  fields  often  injurious.  In  all  cases,  there- 
fore, the  action  of  fime  applied  in  any  form  may  be  considered  as  part- 
ly physical  and  partly  chemical — the  extent  of  the  chemical  action  in 
general  increasing  with  the  praportion  of  lime  which  the  bind  of  cal- 
careous matter  employed  is  known  to  contain. 

The  obseTved  effects  of  marls  and  shell  sands,  in  so  far  as  they  are 
chemical,  are  very  analogous  to  those  produced  by  lime  as  it  is  (lener- 
ally  applied  in  the  quick  ot  slaked  state  in  so  many  parts  of  our  islands. 

They  alter  tiie  nature  and  quality  of  the  grasses  when  applied  to 
pasture — they  cover  even  the  nndrained  bog  with  a  short  rich  grass — 
iliey  extirpate  heath,  and  bent,  and  useless  moss — they  exterminate 
the  weeds  which  infest  the  unlimed  corn  fields — they  increase  the 
quantity  and  enable  the  land  to  growabetler  quality  of  corn — they  ma- 
nifest a  continued  action  for  manyyears  after  they  Save  been  applied — 
like  the  purer  limes  (bey  act  more  energetically  if  aided  by  the  occa- 
sional addifioii  of  other  manure — and  like  (hem  they  finally  exhaust* 
a  soil  from  which  the  successive  crops  are  reaped,  without  the  requisite 
return  of  decaying  animal  or  vegetable  matter. 

'  or  shell  marl  Ihe  Bsma  qauiui;  utiauaca  Gnacer  than  cla.y  marl  (EaDiea>  Tlilais 
owing  ohloflj  lo  the  larger  propotUon  of  lime  conlaincd  ia  Ihe  former. 
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But  to  these  and  other  effects  I  shall  h&ve  occasion  lo  draw  your  at- 
tenlion  more  particularly  in  a  subsequent  part  of  the  present  lecture. 

^7.  Of  the  use  of  chalk  as  a  raanure. 

Chalk  is  another  form  of  carbonate  of  lime  which  occurs  e  y  abun 
damly  in  nature,  and  which,  from,  its  softoeaa,  has  in  m  ny  pa  a  of 
England  been  extensively  applied  lo  the  land  in  an  nnburned     a 

The  practice  of  chalking  prevails  more  or  less  estens  ely  n  all 
that  part  of  England  (Lee.  XI.,  §  3.)  over  which  the  chalk  f  ma  on 
extends.  It  is  usually  dug  up  from  pits  towards  the  close  of  he  au 
lumo  or  beginning  of  winter,  when  full  of  water,  and  lad  upo  he 
land  in  heaps.  During  the  winter's  frost  the  lumps  of  chalk  all  o 
pieces,  and  are  readily  spread  over  the  fields  iu  spring.  The  quantity 
laid  on  varies  with  the  quality  of  the  soil  and  of  the  chalk  itself,  and 
with  the  more  or  less  perfect  ornmbltng  it  undergoes  during  the  seasou 
of  winter,  and  with  the  purpose  it  is  intended  to  serve.  It  gives  tena- 
city and  closeness  lo  gravelly  soils,*  opens  and  imparts  freeness  to  stiff 
s,  and  adds  firmness  lo  such  as  are  of  a  sandy  nature, 
a  physical  improvement  of  this  kind  he  required,  it  is  laid  on  at 
me  rate  of  from  400  to  1000  bushels  an  acre.  But  some  chalks  con- 
tain much  more  clay  than  others,  and  are  employed,  therefore,  in  small- 
er proportions. 

For  the  iinprovement  of  coarse,  aour,  marshy  pasture,  it  isappliedat 
Ihe  rate  of  150  to  250  bushels  an  acre,  and  speedily  brings  up  a  sweet 
and  delicate  herbage.  It  is  also  said  to  root  out  sorrel  from  lands  thai 
are  infested  with  this  plant. 

These  effects  are  precisely  such  as  usually  follow  from  the  applica- 
lifin  of  marl,  and,  Uke  marl,  the  repetilioa  of  chalk  exhausts  the  land,  if 
minnre  be  not  afterwards  added  to  it  in  sufficient  quantity. 

B       I     chalking  of  the  Southern  Downs  and  of  the  Wolds  of  Lin- 

1     h      and  Yorkshire  would  appear  to  differ  in  some   respects  from 

i  y  marling.  On  the  thin  soils  immediately  resting  upon  the 
1  Ik  perienee  has  shown  that  repeated  dressingsof  chalk  receoily 
d         p   inay  be  applied  with  much  benefit.     To  a  stranger,  also,  it  ap' 

Effufar  that  an  admixture  of  that  chalk  which  lies  immediately 
h  he  soil  is  not  productive  of  the  same  advantage.     Even  the 
h  11      f  an  entire  district  is,  in  some  cases,  rejected  by  the  farmer, 
1  h     will  rather  bring  another  variety  from  a  considerable  distance, 
h  r  the  less  expense  of  laying  on  his  land  that  which  is  met 

I  his  own  or  on  his  neighbors'  farms.  Thus  the  Suffolk  farmers 
I  f  h  chalk  of  Kent  to  lay  on  their  lands,  and  are  at  the  cost  of 
|j  g  t  across  the  estuary  of  the  Thames,  tliough  challi  rocks.lie  al- 

y  where  around  and  beneath  them. 
T  use  of  the  diversities  which  thus  present  themselves  in  the 

]  f  experienced  agriculturists,  partly  at  least,  is  to  he  sought  for 

1     q     lities  of  the  different  varieties  of  chalk  employed.     Careful 
iyije   have  not  yet  shown  in  what  respects  these  chalks  dlHerin  clie- 
m      I      nstitution,  and  until  this  is  ascertained  we  nnust  remain  in 
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n  the  dark,  both  as  to  ihe  way  in  which  a  dressing  of 
challt  acls  iri  imptovbg  a  soil  already  rich  ici  chalk,  and  why  chalk 
from  one  locality  should  act  so  much  more  beneficially  than  anoiher. 

With  one  thing,  however,  we  are  familiar,  (bat  the  upper  beds  of 
chalk  abound  in  flint,  and  where  they  form  the  surface  support  a  thin 
and  scanty  herbage — while  the  under  chalks  are  more  tei.aciuus  and 
apparently  more  rich  in  clay,  and  support  generally  a  soil  which  yields 
valuable  crops  of  corn.  An  admixture  of  the  lower,  therefore,  ought  to 
improve  ihe  soils  of  the  upper ;  and  as  the  chalks  of  Kent  consist  of 
these  lower  beds,  we  can  understand  why  the  practical  farmer  in  Suf- 
folk should  prefer  ihem  to  the  upper  chalks  of  his  own  neighbourhood. 
Still  we  cannot,  as  yet,  give  the  scientific  reasons  why  (he  one  chalk 
should  be  better  than  the  other.  A  rigorous  chemical  analysis  can 
alone  determine  with  certainty  why  the  one  should  produce  a  differ- 
ent effect  from  the  other. 

Chalks  may  differ  io  the  proportion  of  clay  or  of  organic  mailer  wilt 
which  they  are  associated — in  the  quantity  of  silica  {the  substance  of 
flints)  or  of  silicates  they  contain, — in  the  amount  of  magnesia  or  of 
[ihosphate  of  lime  which  can  be  detected  in  them — or  of  saline  malter 
which  a  careful  esamination  will  discover, — and  they  may  even  differ 
physically  in  the  flnen  •«  I  h  1  m  e  particles  of  which  the  sub- 
stance of  the  chalk  is  posed  All  such  differences  may  modify 
ihe  action  of  the  seve    1  e-  ha  way  aa,  when  accurately 

investigated,  to  enable  t  r  the   remarkable  preference 

manifested  by  practical  m       f      h  over  the  other,     tinlil  such 

an  investigation  has  b  f  Uy         ie,  it  is  unfair  hastily  lo  class 

among  local  prejudices     h  j  p  o  be  the  results  of  long  prac. 

tical  experience. 

Ok  the  chalk  Wolds  of  Lincolnshire  and  Yorkshire  the  practice  of 
chalking  even  the  thin  soils  is  now  comparatively  old  in  dale.  Th( 
lowest  chalks  are  there  also  much  preferred, — they  are  laid  on  at  ib( 
rate  of  ?0  to  80  cubic  yards  per  acre,  and  they  cause  a  great  improve- 
tnent,  especially  upon  the  dee^p  lands,  as  they  are  called,  where  tht 
soil  is  deepest.  Corn  does  not  yield  so  well,  nor  ripen  so  early,  or 
these  deep  soils,  as  where  a  thinner  covering  rests  upon  the  chalk,  i 
is  naturally  also  unfic  for  barley  or  turnips,  the  latter  plant  being  espe- 
cially infested  with  the  disease  called  fingers  and  loes  {Bnluk  Hus- 
bandry, iii.,  p.  124]  (Strickland).  But  a  heavy  chalking  removes  al 
the  above  defects  of  these  deep  soils,  and  for  a  long  period  of  time 
The  corn  ripens  sooner,  is  larger  in  quantity,  and  better  in  quality 
and  the  turnips  grow  perfectly  free  from  disease. 

These,  however,  are  to  be  regarded  as  only  the  usual  effects  of  a  large 
addition  of  lime  to  a  soil  in  which  preTiously  little  existed.  It  is  i 
fact  which  will  naturally  strike  you  as  remarkable,  that  soils  which  res 
upon  challi,  aa  well  as  upon  other  lime-stone  rocks,  even  al  the  depth 
ofa  few  inches  only,  are  often,  and  especially  when  in  a  state  of  nature, 
80  destitute  of  hme  thut  not  a  panicle  can  be  detected  in  them.  Thai 
lime  in  any  form  should  benefit  auch  soils  is  consistent  with  uniform 
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?Wion  to  the  two  concurring  causes  by  the  joint  operalion  of  v 
lime  is  sooner  or  later  wholly  removed  from  the  soil,  even  where,  aain 
the  Wolds,  il  rests  immediately  upon  the  chaik. 

§  8.  Is  lime  indispensable  (a  theferlilily  of  ike  soil? 
It  is  [he  result  of  universal  experience  wherever  agrieullnre  has  been 
advanced  to  (he  state  of  aa  act,  tnat  the  presence  of  lime  is  useful  to 
the  soil. 

Not  only  is  this  fact  datiuced  from  the  result  of  innumerable  appiiea- 

19  of  this  substance  to  lands  of  every  quality,  but  it  is  eaiablished 
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also  by  a  consideration  of  the  known  chemical  constitution  of  soils 
which  are  natnrally  possessed  of  unlike  degrees  of  fertility. 

Thus  sandy  or  ailiceoos  soils  are  tDore  or  less  barren  if  lime  be  ab- 
sent— while  lliB  addition  of  this  substance  in  the  form  of  marl  or  other- 
wise tenders  them  susceptible  of  cultivation.  So  clay  soils,  in  which 
no  lime  con  be  detected,  are  often  at  once  changed  in  character  by  a 
sufBcient  liming.  Felspar  soils  contain  no  lime,  and  they  are  barren — 
and  the  some  is  true  of  such  as  are  derived  immediately  from  the  de- 
gradation of  the  serpentine  rocks. 

Trap  soils,  on  the  other  band — such  as  are  derived  from  decayed 
basEills  or  green-stones — are  poor  in  proportion  as  felspar  abounds  in 
ihcm.  Where  augiles  and  zeolites  are  present  in  large  proportion  in 
the  trap  from  which  they  are  formed,  the  soils  are  rich,  and  may  even 
Lie  used  as  marl.  The  only  difference  in  this  latter  case  is,  thaclimeis 
Dot  deficient  (Lee.  XII.,  §  4), — and  to  this  difference  the  greater  fertility 
rjiay  fairly  be  ascribed. 

Hut  let  il  be  conceded  that  lime  is  useful  to  or  benefits  the  soil  in 
which  it  exists,  you  may  still  ask — is  lime  indisptnsabU  to  the  soil  ? — 
is  it  impossible  for  even  an  average  fertility  to  he  manifested  where 
lime  is  entirely  absent  ? 

There  are  two  ditTereot  considerations,  from  each  of  wbicb  we  may 
deduce  a  more  or  less  satisfactory  answer  to  this  t]ueslion. 

1°.  The  result  of  all  the  analyses  hitherto,  made  of  soils  naturally 
fertile  show  that  lime  is  univerHaily  present.  The  per-centage  of  lime 
in  a  soil  may  be  very  small,  yet  it  can  always  be  detected  when  valua- 
ble and  healthy  crops  will  grow  'upon  it.     Thus  the  fertile  soil  of  the 

Marsh  lands  in  Holstein  contains  0'3  per  cent,  of  carbonate  of  lime. 

Salt  marsh  in  East  Friesland         0-6  ■'  " 

Rich  pasture  near  Durham  1-31  "  '■ 

But  though  the  per  centage  of  lime  in  these  cases  appears  small,  the 
absolute  quantity  of  lime  present  in  the  land  is  siill  large.  Thus  sup- 
pose the  first  of  these  soils,  which  contains  the  least,  to  be  only  six 
inches  in  depth,  and  each  cubic  foot  to  weigh  only  80  lbs. — it  wotild 
contain  about  3500  lbs.  of  carbonate  of  lime,  upwards  of  a  ton  and  a 
half,  in  every  acre.  Aiid  this  lime  would  be  intimately  mixed  wiih  tiie 
whole  soil,  in  which  state  it  is  always  most  effective  initsoperaiion.  It 
may  also  be  inferred  with  safety,  that  if  the  upper  six  inches  contained 
this  proportion  of  lime,  the  under  soil  would  probab^  be  richer  still, 
since  licne  tends  not  so  much  to  diffuse  itself  through,  as  to  sink  down- 
wards into  the  soil. 
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2°.  The  results  of  all  the  chemical  examinations  hitherto  tiiatJe  in 
regard  lo  the  aalure  of  the  inorganic  matter  contained  in  the  sap  and 
eubstance  of  plants  indicate, — if  oot  the  absolute  necessity  of  lime  to  the 
growth  of  plants, — at  least  that  in  nature  all  cultivated  plants  do  ab- 
sorb it  by  tbeir  roots  from  the  soil,  acd  make  use  of  it  in  some  way  in 
aid  of  their  growth.  In  so  for  as  our  practice  is  concerned,  this  is  very 
much  the  same  as  if  we  could  prove  lime  to  be  absolutely  indispensable. 

The  ash  of  the  leaf  and  bulb  of  the  turnip  or  potatoe,  of  the  grain 
and  straw  of  our  corn-bearing  planta,  and  of  the  stemaand  seeds  of  our 
grasses,  all  contain  lime  whenever  and  wherever  they  are  grown.  And 
most  of  them  attain  high  health  and  luxuriance  only  where  lime  is 
easily  attained. 

Grant,  then,  that  lime  awiears  to  be,  perhaps  virtually  is,  a  necessary 
food  of  plants,  without  which  iheir  natural  health  cannot  be  mainiained, 
nor  functions  discharged, — still  the  quantity  which  must  be  present  in 
the  soil  to  sapply  this  food  is  not  necessarily  large.  Even  in  favor- 
able circumstances  we  have  seen  {Lee.  X.,  §  3,)  that  the  averaee  crops 
during  an  entire  rotation  of  four  years  may  not  carry  off  more  than  250 
lbs.  ot  lime  from  the  acre  of  land,  a  quantity  which  even  the  maisb 
soils  of  Holstein  would  be  able  to  supply  for  calf  a  century,  could  the 
roois  readily  make  their  way  into  every  part  of  the  soil. 

Siill  we  may  safely  hold,  I  think,  that  this  quantity  of  lime  at  least 
is  indispensable — if  cultivated  plants  are  to  flourish  and  ripen.  So 
nmch,  at  least,  must  in  practice  be  every  year  added  to  cultivated  land 
in  one  form  or  anodier,  where  the  crops  are  in  whole  or  in  part  carried 
off  the  land.  Where  it  is  not  added  either  artifleially  ot  by  some  natu- 
ral process,  infertility  must  gradually  ensue.  We  shall  presently  see 
that  lime  has  other  functions  to  perform  in  the  soil,  and  that  there  are 
natural  causes  in  constant  operation  in  our  climate  which  Tender  a 
larger  addition  than  this  desirable  at  least,  if  not  indispensable  to  con- 
tinued fertility. 

5  9.  State  of  combination  in  which  Ume  exists  in  tite  soil. 

This  lime,  which  we  have  concluded  to  be  an  indispensable  conslitii- 

ent  of  fertile  soils,  may  be  present  in  several  distinct  slates  of  combi- 

I'.  In  that  of  chloride  of  calcium, — This  compound,  as  we  have  al- 
ready seen  (Lee.  IX.,  §  4,)  is  very  soluble  in  water,  and  is  not  unfre- 
quencly  to  be  detected  in  the  sap,  especially  of  (he  roots  of  plants.  Its 
solubility,  however,  exposes  it  to  be  readily  washed  out  of  the  soil  by 
the  rains,  and  perhaps  for  this  reason  it  is  not  one  of  those  forms  of  com- 
bination in  which  lime  is  recognised  as  a  uniform  or  necessary  consti- 
tuent of  ihe  soil.  lis  presence  may  be  detecled  by  boiling  half  a  pound 
of  the  soil  in  distilled  water,  filtering  and  evaporating  the  solution  lo 
dryness.  If  the  dry  mass  become  moist  on  exposure  lo  the  air,  and  if, 
after  being  dissolved  in  water,  it  give  a  while  precipitate  with  oxalate 
of  ammonia,  and  after  being  rendered  sour  by  a  few  drops  of  nitric  acid, 
a  white  precipitate  again  wiih  nitrate  of  silver,  it  may  be  inferred  to 
coniain  chloride  of  calcium. 

3".  In  that  of  sulphate  of  lime  or  gypsum, — In  this  state  also  it  is  not 
'-   -   -"  in  a  few  cases  only  ah  abundant,  constituent  of  the  soil. 


Its  presence  may  be  detected  by  tlie  deposilion  of  minute  cf jslals  on  the 
Bidea  of  (lie  vessel  during  ihe  evaporation  of  (he  solution  obtained  by 
boiling  the  aoil  in  distilled  water.  Or,  its  presence  may  be  inferred  ili 
after  observing  (hat  oxalate  of  ammonia  causes  a  precipitate  in  one 
small  portion  of  the  solijcion,  it  be  found  that  nitrate  of  baryta  also 
(brows  down  a  white  precipitate  from  another  small  portion. 

3".  In  the  state  of  phosphate. — This  compound  is  probably  present, 
though  always  in  small  proportion,  in  every  soil  which  is  capable  of 
raising  a  nutrilious  vegetation.  It  may  be  readily  detected  by  treating 
500  grains  of  the  dry  soil  for  13  hours  with  dilute  muriatic  acid,  and  oc- 
casionally stirring.  If  (o  the  filtered  solution  caustic  ammonia  be  add- 
ed, a  brownish  precipitate  will  usually  fall.  If  this  precipitate  be  se- 
parated, aud  treated  with  acetic  acid  (vinegar),  it  will  all  dissolve  if  no 
pboaphorie  acid  be  present.  If  (his  experiment  be  carefully  performed, 
and  a  residue  remain  undissolved,  (he  presence  of  phosphoric  acid  in 
the  solution,  and  of  phosphate  of  lime  in  (he  aoU,  may  be  safely  inferred. 
4°.  In  the  stale  of  silicate,  lime  rarely  exists  in  the  soil  in  any  con- 
siderable quantity.  It  is  ehiefly  in  such  as  are  derived  from  the  decay 
of  the  trap  rocks  or  of  some  varieties  of  granite  (sienite),  that  silicate 
of  lime  is  to  be  expected  to  occur. 

If,  ailer  heiog  treated  wi(h  dilute  sulphuric  acid,  as  above  described, 
the  soil  be  digested  for  some  hours  at  a  gentle  heat  with  concentrated 
muriatic  acid — a  solution  will  be  obtained  from  which  ammonia  will 
agaitl  (brow  down  a  brown  precipitate.  If  oxalate  of  ammonia  now 
cause  a  white  precipitate  of  oxalate  of  lime,  and  if,  on  evaporating  to 
dryness,  the  solution  leave  a  portion  of  silica  insoluble  in  acids,  we  may 
infer  that  the  soil  most  probably  coniains  some  lime  in  the  state  of  sill- 
s'. In  the  state  of  carbonate,  lime  is  generally  supposed  most  usually 
to  exist,  and  most  abundantly  in  all  soils.  If  on  pouring  dilute  mun- 
atio  acid  upon  a  soil,  a  visible  effervescence  or  escape  of  nii note  bubbles 
of  gas  manifest  itself,  or  if,  when  the  experiment  is  made  in  a  tube 
closed  at  one  end,  and  inverted  over  water  or  mercury,  bubbles  of  gas 
collect  in  the  upper  end  of  the  tube^the  soil  contains  sotne  carbonate. 
If  after  ammonia  has  been  added  to  the  solution,  oxalate  of  ammonia 
throws  down  a  white  precipitate  of  oxalate  of  lime — tbe  soil  contains 
carbonate  of  itme. 

6°.  In  the  stale  of  humate. — In  combination  with  humie  acid  (Lee. 
Xni.,  5  1,)  lime  exists  most  frequently  in  soils  which  abound  in  vege- 
table matter — in  peaty  soils,  for  example,  (o  which  quick-lime  ot  marl 
of  any  kind  has  been  added  for  the  purpose  of  agricultural  improve- 
ment. The  presence  of  lime  in  the  stateof  humate  is  only  to  be  detect- 
ed by  carefully  determining  the  relative  weights  of  the  carbonic  acid 
given  ofi'dnring  the  action  of  dilute  muriatic  acid  upon  the  soil,  and  of 
tlie  lime  contained  in  the  solution  thus  obtained,  (see  Appendix.)  If  fbr 
every  100  grains  of  carbonic  acid  there  be  more  than  77-94  grains  of 
lime,  tbe  remainder  or  excess  has  existed  in  the  soil  in  combination  with 
humie  or  some  analogous  organic  acid." 


Few  investigations  ka\ 
of  lime  which  exists  in  tf  „ 

rally  been  taken  for  granted — either  that  a  soil  was  destitute  of  lime  if 
it  exhibited  no  seneltile  effervescence  with  dilute  muriatic  acid, — or 
when  further  research  was  made,  and  the  quantity  of  lime  taken  wp  by 
lliis  acid  rigorously  deiemiined,  thai  (he  wnole  of  this  lime  must  have 
existed  in  the  soil  ut  the  slaicof  carbonate.  That  this  is  not  necessarily 
the  case,  however,  appears  to  be  proved  by  some  recent  examinations 
of  certain  soils  in  Normandy,  which  contain  as  much  as  14  to  15  per 
cent,  of  lime,  and  yet  exhibit  no  effervesce tice,  and  eootaiu  no  carbo- 
nate.    The  whole  of  the  lime  is  said  to  be  in  the  state.of  humate. 

M.  Dubuc,  who  has  published  the  analyses  of  these  soils,  attributes 
much  of  their  fertility  to  ihc  piesence  of  the  humate  of  lime.  Thus  he 
says  that  the  soils  of'^ 

Containineperccnl. 
Of  Oaj-boiule.    Of  Hu  male.  Yield  a  of  Wheat 

Lieuvin,  Neubourg,  and  Sistol,      0  18  to  20  13  to  15  fold. 

Pavilli 0  5  8  to  10   " 

Bieville 34  0  8  to  10    " 

Clay  ofOuche 0  1  4  lo    5   " 

The  first  two  yielding  a  wheat  crop  every  second  year,  the  third  only  at 
longer  intervals. 

Whatever  degree  of  influence  on  the  fertility  of  the  soil  it  may  ap- 
pear proper  to  attribute  to  the  existence  of  lime  in  the  soil  in  the  stale 
of  humate,  it  is  manifestly  of  some  importance  that  its  presence  in  this 
stale  of  combination  should  be  more  frequently  and  more  carefully 
sought  after. 

The  only  one  of  (he  above  ci 
land,  for  the  purpose  of  produc 

carbonate.  Gypsum  is  applied  only  in  small  quantity  for  ci 
cial  purposes,  and  does  not  always  produce  a  sensible  effect.  It  is  in- 
capable, therefore,  of  performing  those  purposes  in  the  soil  which  are 
served  either  by  quick-lime  or  by  the  carbonate.  The  humate  of  lime 
is  probably  formed  in  our  lime  composts^  especially  when  much  vege- 
table matter  is  contained  in  them,  and  may  thus  be  not  unfrequently 
applied  directly  to  the  land. 

^10,   Of  the  quantity  of  lime  which  ought  to  le  added  to  the  soil. 

The  quantity  of  lime  wljich  ought  to  be  added  to  the  soil  is  dependent 

upon  so  many  circum  .....  .. , , 

rule  by  which,  in  all 

1°.  To  soils  which  contain  no  lime,  or  to  which  it  is  added  for  the 

Wo  have  seen  that  a  certain  winmiim  portion  of  lime  is  indispensa- 
ble to  a  productive  soil.  If  we  suppose  this  smallest  quaniity  to  be  no 
greater  than  in  the  surface  of  the  marsh  lands  of  Holstein  {p.  378) — 
then  with  a  soil  six  inches  in  depth,  which  contains  no  livie,  we  ought 
to  mix  a  ton  and  a  half,  say  40  bushels  of  slaked  lime,  and  by  succes- 
sive yearly  additions  to  supply  the  antiual  waste. 

But  to  mix  this  feeble  dose  of  lime  intimately  with  the  soil  to  a  depth 
of  six  inches  would  obviously  requite  an  expenditure  of  labor  whii' 
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the  praciicid.  farmer  could  rarely  afford.  It  would  be  greater  ecoDomy, 
therefore,  in  most  cases  to  add  a  dose  several  timea  larger,  and  (hia  not 
only  because  the  same  amount  of  labor  would  diffuse  it  more  general- 
ly through  the  whole  soL!,  but  because  this  larger  liming  would  render 
less  necessary  the  immediate  addition  of  new  supplies  to  repair  the  un- 
avoidable waste. 

But  there  is  reason  to  believe  that  the  proportion  of  lime  which  the 
soil  ought  to  contain,  if  it  is  to  be  successfully  subjected  to  arable  cul- 
ture, ought  Co  be  much  larger  than  is  above  assumed  as  the  smallest 
or  minimum  quantity,  if  we  suppose  one  per  cent,  to  be  necessary, 
then  eight  tons  of  lime-shells,  or  upwards  of  300  bushels  of  slaked  lime, 
must  be  mixed  with  a  soil  six  inches  in  depth,  to  impart  to  it  this  pro- 
portion— or  half  the  quantity,  if  it  be  kept  within  tliree  inches  of  ihesur- 
face.  Even  a  veiy  large  dose  of  lime,  therefore,  does  not,  if  it  be  well 
mixed,  materially  alter  the  constitution  of  the  soil, 

2°.  But  experience  has  proved  that  the  quantity  of  lime  which  a 
skilful  farmer  will  add  to  his  land  will  vary  with  many  other  circum- 
stances besides  the  depth  of  his  soil,  and  ihe  proportion  of  lime  it  al- 
ready contains.     Thus — 

a.  On  clay  lands  tnore  lime  is  necessary  than  on  lifiht  and.  sandy 
soils.  This  may  be  partly  ascribed  to  the  physical  effect  of  the  lime 
in  opening  and  loosening  the  stiff  clay-^but  independent  of  this  action 
the  particles  of  lime  are  liable  to  be  coated  over  and  enveloped  by  the 
fine  clay,  and  thus  shut  out  from  the  access  of  the  air.  Those  parti- 
-'es,  therefore,  must  be  more  numerous  in  such  a  soil,  if  as  many  of 
■    '  used  to  the  air  as  in  lighter  land,  through  which  the 

itinually  permeates, 
and  marshy  soils,  a  larger  application  still  may  be  made 
ind  partly  for  the  same  reason. 

ure  surrounding  the  lime  shuts  out  the  air,  without  the 
js  of  which  lime  cannot  perform  its  important  functions.  The 
tends  to  carry  down  the  lime  and  lodge  it  morespeedily 
The  continued  evaporation  also  keeps  such  soils  too 
;.  II.,  §  7),  CO  allow  the  chemical  changes,  which  lime  in  fa- 
umstances  produces,  to  prhceed  with  the  requisite  degree 
The  soluble  compounds  which  are  formed  as  the  conse- 
quence of  these  changes  are,  in  wet  and  marshy  soils,  dissolved  by  the 
moisiure,  and  so  diluted  as  to  enter  in  smaller  quantity  into  the  roots  of 
plants.  And  lastly,  in  certain  cases,  new  compounds  of  the  lime  wiih 
the  earthy  and  stony  matters  of  the  soil  are  formed,  which  may  either 
harden  into  visible  lumps  of  mortar  and  cement,  or  into  sm  II  p 
cies  of  indurated  matter,  in  which  the  lime  is  no  longer  in  li 
as  to  bo  able  io  act  in  an  equal  degree  as  an  improver  of  th         1 

In  cold  and  wet  clays,  in  which  all  these. evil  conditions  oc  Uy 

meet,  it  is  not  surprising,  therefore,   that  large  doses  of  li         h     Id 


of  rapidity, 
quence  of  thi 


whatever.     ("  An  instance  is  meuiioned  in  the  Nottinghan    R  p 
720  bushels  having  been  laid  on  an  acre  of  clod  clay  land       h 
Ijonefit  whatever." — Bnlish  Husbandry,  i.,  p.  296.) 

c.  Again,  when  the  soil  is  also  rich  in  vegetable  matter,  lime  n 
)e  still  more  abundantly  applied.    Thus,  when  a  field  is  at  once 
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or  marshy,  and  full  of  vegetable  matter,  as  our  peat  bogs  are,  lime  may 
be  laid  on  more  unsparingly  [ban  under  any  olber  circumstancea. 
For  in  fhiH  case,  besides  the  action  of  the  access  of  water,  as  above  ex- 
plained, ibe  vegetaMe  matter  combines  with  and  maslis  the  ordinary 
action  of  a  considerable  quantity  of  the  lime.  By  this  combination,  no 
part  of  llie  ultimate  influence  of  tbe  whole  lime  upon  the  soil  is  neces- 
sarily lost ;  in  most  cases  the  imimdiale  effect  only  is  lessoned,  which 
the  same  quantity  applied  to  other  soils  would  have  been  seen  to  pro- 
duce. In  favorable  circumstancea  its  action  is  retarded  and  prolonged, 
the  compounds  it  forms  with  vegetable  matter  decomposing  slowly,  and, 
therefore,  remaining  long  in  the  soil. 

To  the  exact  chemical  constitotion  of  the  compounds  thus  formed, 
as  soon  as  lime  is  mixed  up  with  a  soil  rich  in  vegetable  matter,  and  to 
the  chemical  changes  which  these  compounds  gradually  undergo,  it  will 
be  necessary  to  direct  our  attention  when  we  come  to  study  the  theory 
of  tho  action  of  lime,  as  an  improverof  the  soil. 

d.  Not  only  the  natural  depth  of  the  soil,  as  already  stated,  but  also 
the  depth  lo  which  it  is  usually  ploughed,  and  to  which  it  is  customary 
to  bury  the  lime,  will  materially  affect  the  quantity  which  can  be  safely 
appliod.  A  dose  of  lime  which  would  materally  injure  a  soil  into 
which  the  plough  rarely  descends  beyond  two  or  three  inches,  might  be 
too  small  an  application  w  hers  six  or  eight  inches  are  usually  turned 
over  by  the  plough.  When  new  soil,  also,  is  to  be  brought  up,  which 
maybe  supposed  to  contain  no  lime,  or  in  which  noxious  substances  are 
present,  a  heavier  dose  of  lime  must  necessarily  be  laid  upon  the  land. 

3°.  Such  are  the  circumstances  in  which  large  applications  of  lime 
may  be  usefully  applied  to  the  land.  In  soils  of  an  opposite  character, 
not  only  will  smaller  quantities  of  lime  produce  an  equally  beneficial 
effect,  but  serious  injury  would  often  be  inflicted  by  spreading  it  loo  lav- 
ishly npon  your  fields. 

The  more  dry  and  shallow  the  soil,'  the  more  light  and  sandy,  the 
loss  abundant  in  vegetable  mailer,  the  more  naturally  mild  its  locality, 
and  the  drier  and  warmer  the  climate  in  which  it  is  ^tuated — the  less 
the  quantity  of  lime  which  the  prudent  farmer  will  venture  to  mix  with 
it.  It  is  to  the  neglect  of  these  natural  indications  that  the  exhaustion 
and  barrenness  that  have  occasionally  followed  the  application  of  lime 
are  to  be  ascribed.  It  is  only  in  rare  cases,  such  as  the  presence  of 
much  nojtious  mineral  matter  in  the  soil,  that  these  indications  can  be 
safely  neglected. 

§  II.  Ought  lime  to  be  applied  in  large  doses  at  distant  intervals,  or  in 
smaller  quantities  more  frequently  repeated? 
The  quantity  of  lime  which  ought  to  be  applied  to  the  land  must,  as 
we  have  seen,  vary  with  its  quality,  and  with  the  conditions  in  which  it 
is  placed.  Hence  the  practice  in  this  respect  necessarily  varies  in  every 
county  and  in  almost  every  district. 

But  a  difference  of  opinion  also  prevails  among  practical  men,  as  lo 
whether  that  quantity  of  lime  which  land  of  a  given  kind  may  require 
ought  to  be  apphed  in  large  doses  at  long  intervals,  or  in  small  quantities 
frequently  repeated.  The  indicationsoflheory  in  reference  to  this  point 
ftre  clear  and  simple.  , 


A  certain  proportion  of  lime  is  indispensable  in  our  climate  la  the 
production  of  the  greatest  possible  fertility.  Let  ua  suppose  a  soil  to  be 
wholly  destitute  of  lime — the  first  step  of  the  improver  would  be  to  add 
to  this  indispensabla  proportion.  This  would  necessarily  be  a  large 
quantity,  and,  therefore,  to  land  Iwiedfcrr  the  first  time  theory  indicates 
thepropriety  of  adding  a  large  dose. 

Every  year,  however,  s  certain  variable  proportion  of  the  lime  is  re- 
moved from  (he  soil  by  natural  causes.  The  eflecc  of  this  removal  in  a 
few  years  becomes  sensibly  apparent  in  the  diminished  productiveness 
of  the  land.'  After  the  lapse  of  five  or  six  years,  during  which  it  has 
been  gradually  mixiDg  with  the  soil,  the  benefieial  effects  of  the  lime  is 
generally  the  most  striking — after  this  they  gradually  lessen,  (ill  at  the 
end  of  a  longer  or  shorter  period,  the  land  reverts  to  its  original  condition. 
2b  keep  land  in  ils  best  possible  stale,  therefore,  the  natural  ivasle  ought 
frmi  time  to  Ume  to  be  supplied  by  the  addition  of  smaller  doses  of  lime 
at  shorter  intervals. 

Such  ia  obviously  the  most  natural  course  of  procedure,  and  he  who 
farms  his  own  estate,  and  baa  therefore  no  strong  inducement  to  do  oth- 
erwise, will,  on  the  first  breaking  uji  of  new  land,  give  it  a  heavjr 
liming,  and  whether  he  afterwards  retain  it  in  arable  culture  or  lay  it 
down  tograss,  will  at  ititervala  of  4  to  6  years  give  it  anew  dose  of  one- 
fourth  to  one-eighth  of  the  original  quantity.  But  local  circumstances 
and  customs  interfere  in  many  well-farmed  districts  with  this  most  na- 
tural treatment  of  the  soil.  In  the  county  of  Roxburgh,  for  example, 
on  entering  upon  his  farm,  which  holds  on  a  lease  of  19  or  HI  years,  the 
tenant  begmS,  by  liming  that  portion  of  his  land  which  is  in  fallow,  or 
in  preparation  for  turnips,  at  the  rate  of  240  to  300  bushelsof  quick-liine 
per  acre.  A  similar  liming  is  given  to  the  other  portions  as  they  come 
into  fallow,  so  that  at  the  end  of  his  first  rotation  (4or  5  years)  ihe  whole 
of  his  land  has  been  limed  at  the  same  rate.  He  now  contiitues  crop- 
ping for  three  or  four  rotations  (14  to  16  years),  when  if  he  is  sure  of  re- 
maining OD  his  faini  he  begins  to  lime  again  with  the  same  quantity  as 
before.  If  he  is  to  quit,  however,  he  lakes  the  best  crops  he  can  get, 
but  incurs  no  further  outlay  in  the  addition  of  lime.  His  soccessor  fol- 
lows tlie  same  course — begins  by  expending  perhaps  cfilOOO  in  lime, 
and  before  he  leaves  at  the  end  of  his  lease,  has,  by  continued  cropping, 
brought  back  his  land  nearly  to  the  same  stale  in  which  he  found  it. 

Id  the  district  of  Kyle  and  other  patis  of  Ayrshire,  again,  lime  is  laid 
on — often  when  preparing  for  the  wheat  crop,  either  by  ploughing  in  the 
second  furrow,  or  by  harrowing  in  wilh  the  seed — at  the  rate  of  40  bush- 
els of  shells  anacre,  and  this  dose  is  ofcoorse  repeated  every  4  or  6  years, 
according  to  the  length  of  the  rotation.  If  we  consider  the  probable  dif- 
ference in  the  soil  and  climate,  the  pmpordon  of  lime  added  in  the  two 
districts  does  not  materially  differ.  In  Ayrshire  from  8  to  10  bushels,  and 
in  Roxburgh  from  10  to  13  bushels,  are  added  for  each  year.*  In  both 
counties,  however,  many  farms  may  be  met  within  whichthe  treatment 
of  the  land  in  this  respect  differs  from  that  which  is  generally  followed. 

■  Atcordine  lo  Gciiefal  BsBlson  (J/c»  Syslem  ofCulUnanim,  1330),  upwards  100  bushels 
an  acre,  al  a  cost  of  iJ,  IBs.,  used  lo  bo  appllPfl  lo  Iho  clav  laiiUa  of  SQBBe.-oi.  Ihe  fiillow, 
before  wheal— every  tnui  joars.    This  was  36  lUBhels  per  acre  for  each  year.     In  suth 
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In  Plaoders  a  similar  diflerenoe  in  the  practice  prevails  in  different 
districts.  Id  sotne  the  land  is  limed  anly'ooce  in  12  years,  ia  otbers 
every  third,  foorlh,  or  sixth  year,  according  to  the  length  of ihe  rotation. 
In  the  former  case  from  40  to  50  bushels  are  spplied  per  acre,  in  the  lat" 
ter  from  10  to  13  bushels  every  third  year.  In  imth  iwodeaof  proredu«3 
the  quantity  of  lime  applied  by  the  year  ia  nearly  the  same — hetween 
3i  and  4  bnshela  per  acre.  These  quantities  are  very  much  less  than 
those  employed  in  our  island,  but  the  soils  are  also  greatly  lighter,  and 
the  climate,  as  well  as  the  general  treatment  oF  the  land,  very  different. 
We  may  coosider  it,  therefore,  as  a  principle  recMnized  or  involved 
in  the  agricultural  practice  both  of  our  own  and  of  foreign  countries, 
that  nearly  the  same  annual  addition  of  lime  ought  to  be  made  to  the 
land,  whether  it  be  applied  at  long  intervals  or  at  therecurrence  of  each 
rotation-  There  is,  therefore,  on  the  whole,  nosavingin  the  cost  of  lime, 
whichever  method  you  adopt.  A  slight  consideration  of  the  subject, 
however,  may  sacis^  us  that  there  is  a  real  difference  in  the  compara- 
tive economy  or  profit  of  the  two  methods. 

Let  us  suppose  two  acres  of  the  same  clay  land  to  be  limed  respec- 
tively vriih  200  bushels  each,  and  that  the  one  is  cropped  for  twenty 
years  afterwards  without  further  liming,  while  the  other  at  the  end  of 
every  Rve  years  is  dressed  with  an  additional  dose  of  40  to  50  bushels. 
In  both  cases  the  land  would  have  attained  the  most  productive  con- 
ditbn  in  five  orsijt  years.  Let  us  suppose  that  in  this  condition  it  pro- 
duced annually  a  crop  of  (or  equivalent  in.  nutritive  value  to)  30  bushels 
of  wheat,  and  that  on  neither  acre  did  a  sensible  diminution  appear  be- 
fore the  end  of  ten  years.  Then  during  the  second  ten  the  crops  would 
gradually  lessen  in  the  one  acre,  while,  in  consequence  of  the  te- 
addition  of  the  lima  as  it  disappears,  the  amount  of  produce  would  re- 
main sensibly  the  satae  in  the  other  acre.  Suppose  the  produce  of 
the  former  gradually  to  diminish  from  30  to  30  bushels  during  these  ten 
years, — or  that  while  the  one  has  continued  to  yield  30  bushels  during 
the  whole  period,  the  other  has,  on  an  average,  yielded  only  S5  bushels 
during  the  latter  ten  years.  If  now  the  second  large  doseofSOO  bushels 
be  added  to  this  latter  acre,  the  cost  of  limiug  both  will  have  become 
sensibly  the  same,  but  the  amount  of  produce  or  of  profit  from  the  two 
acres  during  the  second  ten  years  will  stand  thus — 

lOerops,  of  30  husheiseach,   amount  to     300  hoahcls. 

10  crops,  of  35  bushels  each,   amount  to     250  busliels. 

Difference  in  favour  of  frequent  liramg,  50  bushels  per  acre, 
or  nearly  two  whole  crops  soery  lease  of  twenty  years. 

Thus  it  appears 

1°.  That,  according  to  the  practice  of  different  counlriea,  the  qnanlily 
of  limg  which  ought  to  be  added,  andconaetjuently  the  cost  of  adding  it, 
is  very  nearly  the  same,  whether  it  be  apphed  in  larger  doses  at  longer 
intervals,  or  in  smaller  doses  more  frequent^  repeated. 

2".  That,  after  Ae fa  si  heavy  ivnmg,  the  frequent  application  of  small 
doses  is  Ihe  more  natural  method — and 

3°.  That  it  is  also  the  most  economical  or  profitable  method. 

It  ia  possible  that  other  coositlerafions,  such  as  the  tenure  by  which 
your' land  is  held,  may  appear  sufficient  to  induce  you  to  depart  fi?'ftn)n[c 
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this  raethod  ;  but  there  seema  every  reason  to  believe  that  it  will  best 
reward  those  who  feel  themselves  at  liberty  to  follow  the  indications  at 
once  of  aouDd  theory  and  of  enligbtened  practice. 

One  thing,  however,  must  be  borne  in  mind  by  those  who,  in  adopt- 
ing the  best  system  of  liming,  do  not  wish  boih  to  injure  iheit  land  and 
to  meet  with  uliiniale  disappoinimetit.  Organic  matter — in  ibe  form  of 
farm-yard  manure,  of  bone  or  rape  dust,  of  green  crops  plonghed  in,  or 
of  peat,  and  other  corapoals-^muat  be  abundantly  and  systematically 
added,  if  at  the  end  of  20  or  40  years  the  land  in  which  the  full  supply 
of  lime  is  kepi  up  is  to  retain  its  original  fertility.  Uigh  farming  is  the 
most  profitable— for  the  eoil  is  ever  grateful  for  skilful  treatment — but 
he  who  farms  high  tti  the  sense  of  heeping  up  the  supply  of  lime,  must 
also  farm  high  in  the  sense  of  keeping  up  the  supply  of  organic  aiid 
other  manures  in  the  soil— otherwise  present  fertility  and  gJun  will  be 
followed  by  future  barrenness  and  loss.  If  this  is  not  to  be  done,  it 
were  better  to  add  lime  at  long  intervals,  since  as  the  quantity  of  iiine 
diminishes,  ihe  land  begins  to  enjoy  a  little  respite,  and  has  had  time  in 
some  measure  to  recover  itself — the  cropping  in  both  instances  being  the 
same — before  the  new  dose  is  laid  upon  its  surface." 

§  12.  Form  and  state  of  comhinalion  in  jMck  lime  ought  to  he 
applied  la  ike  land. 

The  form  and  state  of  combination  in  which  lime  ought  to  be  applied 
to  the  land  depend  upon  the  nature  of  the  soil,  on  the  kind  of  cropping 
to  which  it  ie  subjected,  and  on  the  special  purpose  which  the  lime  is 
intended  to  effect.  The  soil  may  be  heavy  or  light,  in  arable  culture, 
or  laid  down  to  grass,  and  each  0{  these  conditions  indicates  a  diflfercnl 
mixle  of  prctcedure  in  the  application  of  lime.  So  the  Hme itself  may 
be  intended  either  to  act  more  irhmediately  or  to  be  more  permanent  in 
its  action — or  it  may  be  applied  for  the  purpose  of  destroying  unwhole- 
some herbage,  of  quickening  inert  vegetable  matter,  of  generally  sweet- 
ening the  soil,  or  simply  of  adding  to  the  land  a  substance  which  is  in- 
dispeasable  lo  its  fertility.  The  skilful  agriculturist  will  modify  the 
form  and  mode  of  application  according  as  it  is  intended  to  serve  one  or 
otherof  these  purposes. 

From  the  considerations  already  presented  to  you  (|  3)  in  regard  to 
the  changes  which  qoick-lime  undergoes  in  the  air,  it  appears  to  be  ex- 
pedient, 

1°.  To  slake  lime  quickly,  and  to  apply  it  immediately  upon  clay, 
boggy,  marshy,  or  peaty  lands — upon  sucli  also  as  contain  much  inert 
or  generally  which  abound  in  other  Ibrms  of  vegetable  matter. 

3°.  To  bents  and  heaths  which  it  is  desirable  to  extirpate,  it  should 
lie  applied  in  the  same  caustic  state,  or  to  unwholesome  subsoils  which 
contain  much  iron  (sulphate  of  iron),  as  soon  as  they  are  turned  up  by 
the  plough.  In  both  these  cases  the  unslaked  lime-dust  from  the  kilns 
might  be  laid  on  with  advantage. 
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3°.  Where  it  is  to  be  spread  over  gtaas  lands  wiihout  JeHrojitig  the 
herbage,  it  is  in  most  eases  safer  to  allow  the  lime  lo  slake  sponlaDeous- 
iy,  and  IB  (he  open  air  rather  than  in  a  covered  pil.  It  is  ihoB  obtained 
in  an  exceedingly  fine  powder,  which  can  he  easily  s|»^ad,  and,  while 
it  is  sufficiently  mild  to  leave  the  lender  grasses  unharmed,  it  contains 
a  sufficient  quantity  of  caustic  lime  (p.  368)  to  produce  those  chemical 
changes  in  the  soil  on  which  the  efficacy  of  quicli-lime  depends. 
■  4°.  Where  lim«  is  applied  to  the  fallow,  is  ploughed  iri,  well  har- 
rowed or  otherwise  mixed  with  the  sd),  it  is  generally  of  little  conse- 
quence in  which  of  the  above  states  it  is  laid  on.  The  chief  condition 
is,  that  it  be  in  tite  stale  of  a  fine  powder,  and  that  i(  be  well  Bpread 
and  iniimaiely  mixed  with  the  soil.  Before. these  operations  are  con- 
cluded the  lime  will  be  very  nearly  in  the  stale  of  combinalion  in 
which  it  exists  in  Sj>ontaneously  slaked  lime — whatever  may  have 
been  the  state  of  causticity  in  which  it  has  been  applied. 

You  will  understand  (hat  the  above  remarks  apply  only  to  localises 
where  burned  Ume  is  usually  or  nlune  used  for  agricultural  purposes. 
There  may  be  localities  where  marl  also  esisis,  or  shell  or  lime-siono 
sand,  in  greater  or  less  abundance,  and  in  such  jiiacas  it  may  be  a  ques- 
tion of  some  importance  lo  determine  which  it  would  be  better  or  more 
economical  to  apply.  In  such  a  case  you  may  safely  proceed  npon 
the  principle  that  ihe  lime  in  the  marls,  &c.,  will  ultimately  produce 
precisely  the  same  effects  upon  your  land  as  ihe  lime  from  ihe  kiln, 
provided  you  lay  on  an  equal  quantity,  and  in  an  equally  minute  stale 
of  division.  The  effect  will  only  be  a  little  more  slow,  and  the  full 
fertility  of  the  land  a  year  or  two  longer  in  being  brougihiouf.  YoU' 
would  therefore  consider, 

1°.  How  much  of  the  marl  or  sand  must  I  add  to  he  equal  to  a  (on 
of  lime-shells  f  This  will  depend  on  the  per-centage  of  lime  which 
riie  marl  contains.  Suppose  it  loconlain  30  per  cent.,  or  one-fifth  of  its 
weight  of  lime,  (not  car6o)MJ(eof  lime,  but  of  lime  in  tlie  slaie  in  which 
it  comes  from  ihe  kiln,  100  lbs.  of  carbonate  containing  56  lbs.  quick 
lime,  p.  364,)  then  five  tons  of  the  marl  will  be  equal  to  one  ton  of  lime 
shells.  But  as  the  lime  in  the  marls  and  sands  is  never  in  so  minute 
a  state  of  division  as  in  the  slaked  lime,  the  same  quantity  of  lime  in 
the  former  caiinot  be  so  equally  diffused  through  the  soil  as  in  the  lat- 
ter state.  An  allowance  must  therefore  he  made  on  this  account,  and 
an  additional  quantity  equal  lo  one-fourth  or  one-fifth  of  the  whole  add- 
ed, for  the  purpose  of  equalizing  the  eflect. 

2°.  Which  of  the  two,  the  quick-lime  or  its  equivalent  of  marl,  can 
I  obtain  and  apply  at  the  less  cost?  Tiiis  will  not  be  difficult  lo  calcu- 
late, the  proportion  of  lime  contained  in  the  marl  being  once  ascertained. 

3°.  This  question  of  economy  being  decided,  it  is  necessary  to  con- 
sider the  kind  and  quanUty  of  the  earthy  mailer  wilii  which  the  lime 
in  ihe  marl  is  mixed,  if  it  be  a  Sime-saiid  or  sandy  marl,  it  may  be  un- 
fit to  apply  to  light  and  sandy  soils ;  if  it  he  a  stiff  unctuous  clay  marl,  it 
may  only  render  slider  and  more  difficult  lo  work  the  clay  lands  on 
which  you  may  propose  to  spread  il.  In  such  cases  as  these,  however 
economical  the  use  of  marls  or  linie-stone  sands  may  be,  the  intelligent 
fermer  will  prefer  the  addition  of  quick-lime  wherever  it  is  readily  ac- 
cessible. 


Sussex  is  one  of  those  districEs  in  wbieli  ibe  ancient  use  of  marl  hun 
given  plat-e  lo  the  eraploymeni  of  burned  lime,  (Bealson,) — cliielly,  I 
believe,  from  ilie  oature  of  the  local  uiarl  beiug  less  adaptetl  to  the  stiff 
clay  lands  of  lliat  county, 

§  13.  Of  the  use  ana  advantage  of  the  composffona. 

As  there  are  many  cases  in  whicli  lims  ought  to  be  applied  unmixed 
and  in  the  caustic  state,  so  ihere  are  others  in  which  i(  is  best  and  most 
beneficially  laid  upcintbelaniJ  in  a  mild  slate  and  in  the  form  ofcom  post. 

1°.  When  lime  is  required  only  in  small  ^uaiuilles,  it  can  be  more 
evenly  spread  when  previously  well  mined  with  from  3  to  8  times  its 
bulk  of  soil. 

2°.  On  ligli',  sandy,  and  gravelly  soils,  when  of  a  dry  character,  un- 
mixed !ime  will,  bring  up  much  cow.wlieat  {meiaynpyrum}  and  rod 
poppy.  If  they  are  moist  soils,  or  if  rainy  weather  ensue,  the  lime  is 
apt  to  run  into  mortar,  and  thus  to  form  either  an  impervious  subsoil, 
or  lumps  of  a  hard  conglomeraie,  which  are  brought  up  by  the  plough, 
but  do  not  readily  yield  their  Virae  to  the  swl.  These  bad  consequences 
are  all  avoided  by  adding  the  lime  in  the  form  rf  eoiiipost. 

3°.  Applied  to  grass  latids — unless  the  soil  he  stiff  clay — or  much 
coarse  grass  is  tobeeidrpated, — it  is  generally  better  and  safer  lo  apply 
it  in  the  compost  form.  The  action  of  the  lime  on  the  tender  herbage 
is  by  this  means  nmilerated,  at>d  its  exhausting  effect  lessened  upon 
soils  which  contain  little  vegetable  matter. 

4°.  In  the  comfiost  form  the  same  quantity  of  lime  acts  more  imme- 
diately. While  lying  in  a  slate  of  mixture,  those  chemical  changes 
which  lime  either  induces  or  promotes  have  already  to  a  certain  extenE 
taken  place,  and  thus  the  sensible  effect  i)f  the  iime  becomes  apparent 
ID  a  shorter  time  afier  it  has  been  laid  upon  the  land. 

5°.  This  is  siilt  more  distinctly  the  case  when,  besides  earthy  mat- 
ter, decayed  vegetable  substances,  ditch  scourings,  and  other  refuse,  are 
mixed  with  the  lime.  The  eitperience  of  every  practical  man  has  long 
proved  how  very  much  more  enriching  such  com|)Osts  are,  and  more 
obvious  in  their  efiecis  upon  the  soil,  than  the  simple  application  of 
lime  alone. 

6^.  It  is  stated  as  the  result  of  extended  trial  in  Flanders  and  in  parts 
of  Franco,  that  a  much  smaller  quantity  of  lime  laid  on  in  this  fiirm 
will  procJuce  an  equal  effect.  For  tbis.one  cause  may  be,  that  the  rains 
are  prevented  from  acting  upon  the  mass  of  compost  as  they  would  do 
upon  ihe  open  soil — in  washing  out  either  the  lime  itself  or  the  saline 
substances  which  are  produced  during  its  contact  with  the  earthy  and 
vegetable  matter  with,  which  it  is  mixed. 

7°.  The  cdder  the  cotri|)03t  the  more  fertilizing  is  vs  action.  This 
fact  is  of  the  same  kind  with  that  generally  admilted  in  respect  to  the 
action  of  marls  and  unirrixed  lime — that  it  is  more  sensible  in  the  se- 
cond year,  or  in  the  second  rotation,  than  in  the  first. 

In  conclusion,  it  may  he  stated  that  ibis  form  of  application  is  especi- 
ally adapted  to  the  lighiest  and  driest  soils,  and  to  such  as  are  poorest  in 
■vegetable  matter.  In  this  form,  lime  has  imparled  an  unexpected  feriillty 
even  to  the  white  aod  barren  sands  of  the  LanUes  (Puvis,)  and  upon 
the  dry  hills  of  Derbyshire  it  has  produced  an  almost  equal  benefit. 


§14.  When  aughl  lime  to  be  applied  ? 
This  question  may  refer  either  lo  the  period  to  the  lease,  in  (he  rota- 
tion, or  of  the  year  ia  which  lime  may  most  heneficially  be  laid  upon 
the  land.     We  have  already  considered  this  point  in  na  far  as  it  refers 
lo  the  lease,  while  discussing  the  propriety  of  applying  time  in  large  or 

In  regard  to  the  period  of  the  year  and  of  the  rotation,  there  are  three 
principles  by  which  ihe  procedure  of  the  practical  man  ought  chiefly  to 
bo  directed. 

1°.  Tkal  lime  takes  some  lime  to  produce  its  Imown  effects  -upon  the 
soil. — It  ought,  therefore,  lo  be  applied  as  long  as  possible  before  the 
Prop  is  sown.  Thai  is,  in  the  early  autumn,  where  either  winter  or 
spring  corn  is  about  to  be  sown, — on  the  naked  fallow  where  the  JanJ 
is  allowed  to  be  at  rest  for  a  year, — or  on  the  grass  fields  before  break- 
ing up,  where  the  pasture  is  to  be  immediately  succeeded  by  com. 

9°.   That  qaick-lime  expels  ammoniajrom  decomposed  andfeTmeniijtg 

When  such  manure,  therefore,  is  applied  to  the  land,  as  it  is  in  all 
our  well-farmed  districts,  qnick-lime  should  not  he  so  laid  upon  the 
land  as  to  ooine  into  immediate  contact  with  it.  If  both  must  be  ap- 
plied in  the  same  year,  they  should  he  laid  ou  at  periods  as  distant  from 
each  other  aa  may  be  convenient,  or  if  this  necessity  does  not  e:tist,  tlie 
lirne  should  be  spread  either  a  year  before  or  a  year  after  the  period  in 
the  rotation  at  which  the  manure  is  usually  applied. 

It  is  for  this  reason,  as  well  as  for  the  other  already  slated,  (1=.)  that 
lime  ia  applied  to  the  naked  fallow,  to  the  grass  hefiire  breaking  up,  or 
along  with  the  winter  wheat  after  a  green  crop  which  has  been  aided 
hy  fermented  manure.  When  ploughed  into  the  fallow,or  spread  upon 
the  grass,  it  has  bad  time  to  bo  almost  completely  convened  into  the 
mild  Slate  (that  of  carbonate.)  before  the  manure  is  laid  on.  In  this 
mild  stale  it  has  no  sensible,  effect  in  expelling  the  ammooia  of  decom- 
posing manure.  Again,  when  it  is  applied  in  autumn  along  with,  or 
immediafely  before  ihe  seed,  the  volatile  or  ammoniacal  part  of  the 
manure  lias  already  been  expended  in  nourishing  the  green  crop,  so  that 
loss  can  rarely  accrue  from  ihe  admixture  of  the  two  at  this  period  ot 
the  rotation. 

The  excellent  elementary  work  of  Professor  Lowe,  (Elements  oi 
Practical  Agriculture,  third  edition,  p.  63,)  contains  the  following  re- 
mark : — "  It  is  not  opposed  lo  theory  that  lime  should  be  applied  to  the 
soil  at  the  same  time  with  dung  and  other  animal  and  vegetable  sub- 
stances, asia  frequent  in  the  practice  of  farmers."  This  ia  stricdy  cor- 
rect only  in  regard  to  marls,  lime-sand,  &c.,  or  to  perfectly  mild  lime, 
any  of  which  may  be  mixed,  without  loss,  with  manure  m  any  state. 
Ofqoick  or  caustic  lime  it  is  correct  only  when  the  animal  or  vegetable 
matter  baa  not  yet  begun  to  ferment,  with  recent  animal  or  vegetable 
matter,  quick-lime  may  he  mixed  up  along  with  earth  into  a  com])OSi, 
not  only  without  the  risk  of  much. loss,  but  with  the  prospect  of  mani- 
fest advantage." 

3°.  Tliat  qaick'lime  hastens  or  revives  the  decomposition  of  inert  oi~ 
g-anic  matter. — This  fact  also  indicates  the  propriety  of  aLtowing  the . 


iime  33  much  time  as  possible  to  operate  before  a  crop  is  talten  from 
lanii  in  which  organic  matter  already  abounds.  Or  where  fermenting 
manure  is  added,  it  advises  the  farmer  to  waii  till  spontaneous  decom- 
position becomes  languid,  wlien  the  addition  of  lime  will  bring  it  again 
Into  action  aad  thus  maintain  a  more  equable  fertility. 

In  a  work  upon  Boila.  whicli  I  have  frequently  commended  to  your 
notice,  (Morton  "On  Soils,"  third  edition,  p.  181,)  you  will  fina  Ihe 
following  observalions  : — "  Writers  on  agriculture  have  staled  (hat  lime 
haaleus  the  decay  of  vegetable  matter,  whereas  the  fact  is,  that  it  retards 
the  process  of  the  decomposition  of  vegetable  matter.  If  straw  or  long 
dung  be  mixed  with  slaked  lime,  it  will  bepreserved;  while  if  mixed 
with  on  equal  portion  of  earth,  the  earth  will  hasten  its  decay."  The 
two  facts  Slated  in  ibis  last  sentence  are,  I  believe,  correct,  yet  it  is 
nevertheless  consistent  both  with  theory  and  universal  observation,  that 
lime  in  the  soil  promotes  the  decomposition  of  organic  matters,  bolli 
animal  and  vegetable.  This  will  appear  more  clearly  when  we  come 
to  study  the  precise  nature  of  the  action  of  lime  upon  organic  substan- 
ces in  general. 

The  above  remarks,  in  regard  to  the  best  lime  for  applying  lime,  re- 
fer chiefly  to  quick-lime,  the  state  in  which,  in  Eogland,  it  is  so  exten- 
sively used.  Marls  and  shell-sands  can  cause  no  toss  when  mixed 
with  the  manure,  and  therefore  may  with  safety  be  laid  on  at  any  pe- 
riod of  [he  rotation.  The  same  remark  applies  with  greater  force  to  the 
lime  composts.  These  may  be  used  precisely  in  the  same  way  as,  and 
even  instead  of,  the  richer  manures — may  be  laid,  without  risk,  upon 
grass  lauds  of  any  quality,  and  al  any  period — or  as  a  lop  dressing  on 
the  young  com  in  spring,  wlien  the  grass  and  clover  seeds  are  sown  by 
which  the  corn  crop  is  to  he  succeeded.  And  as  Ihe  compost  scia 
more  speedily  than  lime  in  any  other  form,  it  is  especially  adapted  for 
immediate  application  to  the  crop  it  is  intended  to  benefit.  To  wet 
lands  also,  it  is  well  suited,  and  to  such  as  are  subject  lo  much  rajn,  by 
which,  wliile  the  surface  is  naked,  the  soluble  matters  produced  in  the 
soil  are  likely  to  be  very  much  washed  away. 

5  15.   Of  Ihe  effects  -produced  by  lime. 

The  eBects  of  pure  lime  upon  the  latid,  and  upon  vegetation,  are  ul- 
timately the  same,  whether  it  be  laid  on  in  a  slate  of  hydrate  or  of  ear- 
bonnte.  If  different  varieties  produce  tinlike  eHecls,  the  quantity  of 
lime  applied  being  the  same,  it  is  because  in  nature  lime  is  always 
m«re  or  leas  mixed  with  other  substances  which  are  capable  of  modi- 
Jying  ihe  eflects  which  pure  lime  would  alone  produce.  The  special 
effects  of  marls.  &c.,  when  they  differ  from  those  of  burned  lime,  are 
to  be  ascribed  to  the  presence  of  such  Hdnaixlures.  In  general,  liow- 
ever,  ^e  chemical  aciion  of  ihe  marls  and  calcareous  sands  is  precisely 
the  same  in  kind  as  ihat  of  lime  in  the  burned  and  slaked  slate,  and  sc 
far  the  effects  which  we  have  already  seen  lo  be  produced  by  marls, 
(p.  374.)  represent  also  the  general  effects  of  lime  in  any  form. 

These  general  eRects  may  be  considered  in  reference  lo  the  land  on 
which  it  is  laid,  and  to  ilie  crops  which  are,  or  may  be,  made  to  grow 
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Pure  lime,  like  the  marls,  produces  both  a  mechanical  aad  a  chemi- 
cal efleet  upon  the  soil.  The  former  ia  constant  with  all  varieiiea  of 
tolerably  pure  lime,  and  is  easily  uoderstuod.  It  ojiens  and  renders  Ireer 
such  soila  as  are  stiff  and  clayey,  while  it  increases  the  porosity  oFsueh 
as  are  already  light  and  sandy.  To  iheformerits  mechanical  aetiou  ia 
almosl  always  lavourable,  (o  the  latler  not  unrrequontly  the  reverse. 

From  its  chemical  action  ihe  benelits  which  follow  the  nse  of  lime 
are  chiefly  derived.     These  benefits  are  principally  the  following: — 

1°.  Ji  mereases  the  fenilityof  all  soils  in  which  lime  doeenol  already 
abound,  and  especially  adds  to  the  productiveness  of  such  as  are  moist 


2°.  It  enables  the  same  soils  fo  produce  crops  of  a  superior  quality 
also.  Land  which,  uoliiiied,  wiil  produce  only  a  scanty  crop,  (3  or  4 
fold.)  of  rye,  by  the  addition  of  lime  alone,  will  yield  a  6  or  7  fold  re 
turn  of  wheat.  From  some  clays,  also,  apparently  unfit  lo  grow  com 
it  brings  up  luxuriant  crops. 

3°.  It  increases  the  edect  of  a  given  application  of  manure ;  calls 
into  action  that  which,  having  beeo  previously  added,  appears  to  lie 
dormant  s  and  though,  as  we  have  already  seen,  (p.  386,)  manure  must 
be  plentifully  laid  upon  the  land,  afier  it  has  been  wfilUlimed,  yet  ibe 
same  degree  of  productiveness  can  still  be  maintained  at  a  less  cost  of 
manure  than  where  no  lime  kas  been  applied. 

4°.  As  a  necessary  result  of  these  importani  changes,  the  money 
value  and  annual  return  of  the  land  is  increased,  so  that  tracts  of  coun- 
try which  had  let  with  difficulty  fur  53-  an  acre,  have  in  mauy  locali- 
ties been  rendered  worth  30s.  ur  40s.  by  ibe  application  of  lime  alone, 
(Sir  J.  Sinclair.) 


1°.  It  alters  the  nalarai  produce  of  the  land,  by  killing  some  kinds 
of  plants  and  favopring  the  growth  of  others,  tlie  seeds  of  which  had 
before  lain  ijormant.  Thus  it  destroys  the  plants  which  are  natural  to 
ailiceous  soils  and  lo  moist  and,  marshy  places.  From  the  corn-field  it 
exiirpates  the  corn-marigold,  {ckTysanthcmunt  segeium,  [Bonninghau- 
sen,])  while,  if  added  in  excess,  it  encourages  the  red  poppy,  the  yel- 
low cow-wheat,  (mdatrtpyrum  pralense,)  and  the  yellow  rattle,  {rhman- 
Ikus  crista  galli,)  and  when  it  has  sunk,  favours  the  growth  of  thetrou- 
blesome  and  deep-rooted  coltsfoot. 

Similar  cflects  are  produced  upon  the  naiurai  grasses.  It  kills  heath, 
moss,  and  sour  and  benty'  (agrostis)  grasses,  and  brings  up  a  sweet 
and  tender  herbage,  mised  with  white  and  red  clovers,  more  greedily 
eaten  and  more  nourishing  to  the  cattle.  Indeed,  all  fodder,  whether 
natural  or  artificial,  ia  said  to  be  sounder  and  more  nourishing  when 
grown  upon  land  fo  which  iime  has  been  abundantly  applied.  Oij 
benty  grass  the  richest  animal  manure  often  produces  little  improvement 
until  a  dressing  ofluiie  has  been  laid  on. 
'  In  Liddiedale,  on  the  SuiLllsh  Inrd^r,  ia  a  larga  tract  af  land  In  whsl  Is  lliere  caUed 


E  ftUALrTT  or  THE  CROP. 

It  is  partly  in  consequence  of  ihe  change  which  it  thus  produces  in 
the  nature  of  the  herbage,  that  ibe  application  of  quick-lime  to  old  grass- 
lands, some  time  before  breaking  up,  is  found  to  be  so  useful  a  practice. 
The  coarse  grasses  being  destroyed,  tough  grass  land  is  opened  and 
softened,  and  is  afterwards  more  easily  worked,  while,  when  turned 
over  by  the  plough,  (be  sod  sooner  decays  and  enriches  the  soil.  It  is 
another  advantage  of  this  praclice,  however,  that  the  lime  has  lime*  to 
di&use  itself  through  the  soil,  and  to  induce  some  of  those  chemical 
changes  by  which  the  succeeding  crops  of  corn  are  so  greatly  benefitted. 

2°.  It  improves  the  quality  of  almost  every  cullioaled  crop.  Thus, 
upon  limed  land, 

a.  The  grain  of  the  com  crops  has  a  thinner  skin,  is  heavier,  and 
yields  more  flour,  while  this  flour  is  said  also  to  be  richer  in  gluten. 
On  (he  other  hand,  these  crops,  after  lime,  run  less  to  straw,  and  ate 
more  seldom  laid.  In  wet  seasons,  (in  Ayrshire,)  wheat  preserves  ila 
healthy  appearance,  while  on  unlimed  land,  of  equal  quality,  i[  is  yel- 
low and  sickly.  A  more  marked  improvement  is  said  also  to  be  pro- 
duced both  in  the  quantity  and  in  the  quality  of  (hespring-sown  than  of 
■'        ■  ps,  (PuV    ■ 


D  crops,  (Puvis.) 

i.  Potatoes  grown  upon  al!  soils  are  more  agreeable  to  the  taste  and 
more  mealy  after  Ibie  has  been  applied,  and  this  is  especially  the  case 
on  heavy  and  wet  lands,  which  lie  still  uudrained. 

e.  Turnips  are  often  improved  both  in  quantity  and  in  quality  when 
it  is  laid  on  in  preparing  (he  ground  t'or  the  seed.  It  is  most  efficient, 
and  causes  the  greatest  saving  of  farm-yard  manure  where  it  is  applied 
in  the  compost  form,  and  where  the  land  is  already  rich  in  organic  mat- 
ter of  various  kinds. 

d.  Peas  are  grown  more  pleasant  to  the  taste,  and  are  said  to  be 
more  easily  boiled  soft.     Both  beana  and  peas  also  yield  mora  grain. 

e.  Rape,  after  a  kalf-Wmiag  and  manuring,  gives  entraordinary  cro|je, 
and  the  same  is  the  case  with  the  colsa,  the  seed  of  which  is  largely 
raised  in  France  for  the  oil  which  it  yields. 

/.  Onjlax  alone  it  is  said  to  be  injurious,  diminishing  the  strength  of 
the  fibre  of  the  stem.  Hence,  in  Belgium,  flax  is  not  grown  on  limed 
land  till  seven  years  after  the  lime  has  been  applied. 

3°,  It  hastens  Siematwity  of  the  crop. — It  is  (rue  of  Dearly  all  our 
cultivated  crops,  but  especially  of  thiwe  of  corn,  that  their  full  growth 
is  attained  more  speed  ilyw  hen  the  land  is  limed,  and  that  they  ere 
ready  for  the  harvest  from  10  to  14  days  earlier.  This  is  the  caseeven 
with  buck-wheati  which  becomes  sooner  ripe,  though  it  yields  no  larger 
a  return,  when  lime  is  applied  to  the  land  on  which  it  is  grown. 

4°.  The  liming  of  the  land  is  the  harbinger  of  health  as  weJl  as  of 
abundance.  It  salubrities  no  less  than  it  enriches  the  well  coliivated 
district.  I  have  already  drawn  your  attention  (p.  310)  to  this  as  one 
of  the  incidental  results  which  follow  the  skilful  introduction  of  fhp 
drain  over  large  tracts  of  country.  Where  (be  use  of  lime  and  of  ilie 
drain  go  together,  it  is  difficult  to  say  how  much  of  the  increaspd 
healthiness  of  the  district  is  due  to  the  one  improvemeni,  and  how  much 

broken  up  after  liming,    Thtis  at  Nelherby,  "lime  or  composl  Is  nlwaja  applied  lo  the 
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lo  the  otlier.  Tlie  lime  arresla  the  nosious  effluvia  which  tend  to  rise 
more  or  less  from  every  Boil  at  certain  seasons  of  the  year,  and  decom- 
pcses  them  or  causes  their  elemenis  to  assume  new  forms  of  chemical 
combination,  in  wbich  (hey  no  longer  exert  (he  same  injurious  iaflu- 
ence  upon  animal  life.  How  Ijeauiiful  a  consequence  of  skilful  agri- 
cul(ure,  that  the  heailh  of  the  community  should  be  promoted  by  the 
same  methods  which  most  largely  increase  the  produce  of  the  land ! 
Can  you  doubt  that  the  All-benevolent  places  this  consequence  so 
plainly  before  you,  as  a  slimulus  to  funlier  and  more  general  improve- 
ment— to  the  application  of  other  knowledge  still  (odie  amelioration  of 
the  soil ! 

§  16.  CiTmimstanees  by  it/iic/i  the  effects  of  lime  are  modified. 
These  effecis  of  lime  are  modiBed  by  various  circumsiances.  We 
have  already  seen  that  the  quantity  which  must  he  applied  to  produce 
a  given  effect,  and  ihe  form  in  whiqh  it  will  ptiove  most  Euivan(ageo«a, 
are,  in  a  great  measure,  depetident  upon  flie  dryness  of  (he  soil,  upoa 
the  ijuantity  pf  vegeiable  matter  it  contains,  and  on  its  edti'or  open  tex- 
ture. There  are  several  oiber  circumslances,  however,  to  which  it  is 
proper  still  to  advert.     Thus, 

1°.  lis  eil'ects  are  greaipst  when  well  mil 
near  the  eurface  within  easy  reach  of  (he  o. 
this  will  hereafler  appear. 

2°.  On  arable  soils  of  the  saice  kind  aixl  quality,  the  e fleets  are 
creaiest  upon  such  as  are  newly  ploughed  out,  or  upon  sabsoils  just 
brought  today.  In  the  case  of  subsoils,  ihis  is  owing  partly  io  their 
conlaiiiisig  naturally  very  little  lime,  and  partly  lo  ihe  presence  of  nox- 
ious ingredients,  which  lime  has  the  power  of  neutralizing.  In  the  case 
ofsurface8oilBnewiyploughedout,lhegreat6r  effect,  in  addition  ro  these 
two  causes,  is  due  also  to  the  large  amount  of  vegetable  and  other -or- 
ganic matter  which  has  gradually  accumtiiated  within  thetn.  It  is  tue 
presence  of  this  organic  ma(ler  which  has  led  to  the  esiablisbment  of 
the  excellenl  practical  rule — "  thai  lime  ought  almays  to  precede  putres- 
cent manures  when  M  leye  are  broken  wpfirr  eultivalien." 

3=.  Its  effeclB  are  greater  on  certain  geological  formations  than  on 
oihers.  Thus  it  produces  much  effect  on  drifted  <diUivial)sands  and 
clays — na  the  soils  of  ihe  plastic  and  wealden  clays  (Lee.  XL,  %  8) — 
1  those  of  the  new  and  old  red  sand-siones,  of  the  granites,  and  of 
neks — and,  generally,  on  the  soils  formed  Ironi  all  rocks 
n  Utile  lime,  or  from  whicli  the  lime  may  have  been  washed 
out  during  their  gradual  degradation. 

On  the  other  hand,  il  is  often  applied  in  vain  to  the  soils  of 'he  oolites 
(Lee.  XL,  §  8),  and  other  calcareous  formations,  because  of  the  abund- 
ance of  lime  already  present  in  them.  The  advantage  derived  from 
chalking  thin  clay  soils  resling  immediately  upon  ihe  chalk  rock  (Lee. 
XL,  I  8,  and  page  376),  is  explained  by  die  almost  eniire  alisence  ol 
lime  from  these  soils. .  The  day  eoverliig  of  the  chalk  wolds  has  pro 
bably  been  fofmed,  not  from  Ihe  ruins  of  the  chalk  rock  itself,  bat 
from  the  deposit  of  moddy  waters,  which  rested  upon  it  for  some  lime 
before  those  localities  became  dry  land. 

4".  Lime  produces  a  greater  profportionzl  improvement  upon  poor  soils 


(ban  on  such  as  are  rither  {Dr.  Anderson.)  This  is  also  easily  unfier- 
BlooiJ,  It  is  of  poor  soils  in  their  natural  slate  of  which  Dr.  Anderson 
speaks.*  In  this  siaie  ibey  contain  a  greaier  or  less  qiianiity  of  organic 
matter,  but  are  nearly  destitute  of  lime,  and  henceareinthe  most  favour- 
able condition  for  being  benefitted  by  a  eopiona  liming.  Experience 
has  proved  that  by  ibis  one  opeisCion  such  land  may  he  raised  in  money 
value  eight  dmea,  or  from  5s.  to  403.  per  acre  ;  but  no  practical  mati 
would  expect  that  arable  land  already  worth  £2  per  acre,  could,  by 
liming  or  any  other  single  operation,  become  worth  ^616  per  acre  of  an- 
nual rent.  The  greater  proportional  improvement  produced  upon  poor 
lands  by  lime  is  only  an  illustration,  therefore,  of  the  general  truth — 
that  on  poor  soils  the  efforts  of  the  skilful  improver  are  always  crowned 
with  the  earliest  and  most  apparent  success. 

5°.  In  certain  cases,  the  addition  of  liine,  even  lo  land  in  good  colli- 
vation,  and  according  lo  the  ordinary  and  approved  practice  of  the  district, 
produces  no  effect  whatever.  This  is  sometimes  observed  where  the 
custom  prevails,  as  in  some  parts  of  Ayrshire  and  elsewbere,  to  apply 
lime  alovig  with  every  wheat  crop  (p.  384,)  and  on  such  farms  especially 
where  the  land  is  of  a  lighter  iiiiahty.  Where  from  40  to  (iO  bushels 
of  lime  are  added  at  the  end  of  each  rotation  of  4  or  5  years,  ihe  land 
may  soon  become  so  saturated  with  lime  that  a  fresh  addition  will  pro- 
duce no  sendble  eilect.  Thus  Mr.  Campbell,  of  Craigie,  informs  me 
ofa  trial  made  by  an  intelligent  farmer  in  his  neighbourhood,  where  al- 
ternate ridges  only  were  limed  without  any  sensibledifference  being  ob- 
served. No  result  could  show  more  clearly  than  this — that  for  one  ro- 
tation at  least  the  expeuseoi'lime  might  be  saved,  while  ai  the  same  lime 
■-he  land  would  run  the  less  risk  of  exhaustion.  Another  fact  menlioneil 
by  Wr.  Campbell  proves  the  soundness  of  this  conclusion.  The  lime 
never  fails  lo  produce  obvious,  benefit  where  the  land  is  allowed.to  bo  4 
Of  5  years  in  grass — where  it  is  applied,  that  is,  only  once  in  8  or  9 
years.  The  fair  inference  is,  therefore,  that  in  this  disltict  as  well  as 
in  others  where  similar  effects  areobserved,  too  much  lime  is  habitually 
added  to  the  land,  whereby  not  only  is  a  needless  expense  incurred,  hot 
a  siieedier  eshanstion  of  the  soil  is  insured.  Good  husbandry,  therefore, 
indicates  either  the  application  ofa  smallerdose  at  the  recurrence  of  (he 
wheat  crop — nr  the  occasional  omission  of  lime  altogether  for  an  entire 
rotation.  The  practical  farmer  cannot  have  a  better  mode  of  ascer- 
taining when  his  land  is  thus  fully  supplied  with  lime — than  by  mak- 
ing the  trial  upon  alternate  ridges,  and  marking  the  efiect. 

6°.  On  poor  arable  lands,  which  are  not  naturally  so,  but  which  are 
worn  out  or  exhausted  by  repeated  liming  and  cro|ipiog,  lime  produces 
ni>  good  whateverf  (Anderson,  Brown,  Morton.)  Such  soils,  if  they  do 
not  already  abound  in  Ume,  are,  at  least,  equally  destitute  of  numerous 
Diher  kinds  of  food,  organic  and  inorganic,  by  which  healthy  plants  are 
nourished, — and  they  are  only  to  be  restored  lo  a  fertile  condition  by  a 


..Ckxiglc 


judiciiiiis  ailmisture  of  all  This  truth  is  confirmed  by  the  practical 
observation,  that  on  soils  so  exliausled  farm  yard  manuie  along  with 
the  liine  does  not  produce  tlie  same  good  resulia  as  in  other  cases.  Ail 
that  the  soil  requires  is  not  supplied  in  sufficient  abundance  by  these 
two  substances  laid  on  alone. 

7°.  On  lands  of  this  kind,  aud  on  all  in  whicli  vegetable  matter  is 
wanting,  lime  may  even  do  harm  to  the  immediate  crop.  It  is  apt  to 
singe  or  bum  the  corn  sown  upon  them  (Brown) — an  effect  which  is 
proGably  cViemical,  but  which  may  in  part  be  owing  to  its  rendering 
more  open  and  friable  soils  already,  by  long  arable  culiure,' too  open. 
(Morton.) 

3°.  A  consideration  of  the  circumstances  above  adverted  to  explains 
why,  in  some  districts,  and  even  in  some  whole  provinces,  the  use  of 
lime  in  any  form,  should  be  condemned  and  even  emireiy  given  up. 
The  soil  has  been  impoverished  through  its  unskilful  application — or, 
by  large  admixtures  of  lime  or  marl  for  a  series  of  years,  (he  soil  has 
been  so  changed  as  to  yield  no  adequate  return  for  new  additions.  Thus 
for  a  generation  or  two  the  practices  of  liming  and  marling  are  abandoned, 
to  be  slowly  and  reluctantly  resumed  agam,  when  natural  causes  have 
removed  the  lime  from  the  soil,  and  produced  an  accumulation  of  those 
other  substances  which,  when  associated  with  it,  contribute  to  the  pro- 
dnetiveoess  of  the  land. 

§  17.  Effects  of  an  overdose  of  lime. 
There  are  several  effects  which  are  familiar  to  the  practical  man  as 
mwe  or  less  observable  when  lime  in  any  form  is  laid  too  lavishly  upon 
the  land.     Thus 

1°.  It  is  rendered  so  loose  by  an  overdose  as  to  be  capable  of  hoW- 
itifi  no  water  (Kames).  Upon  stiff  clays  a  very  large  quantity  indeed 
will  be  required  to  produce  ihis  effect. 

9°.  By  an  overdoseof  quick-lime  the  land  is  hardened  to  such  a  degree 
as  to  he  impervious  to  water  or  to  the  roots  of  plants.  Several  parts  of 
(he  Carse  of  Gowrie  are  thus  rendered  so  hard  as  to  be  unfit  for  vegeta- 
tion—(Lord  Kames'  Qenlleman  Farmer,  edit.  1802).  This  effect  will 
be  observed  only  In  soils  which  are  naturally  wet  and  iiudrained,  or 
where  much  rain  baa  fallen  and  lingered  on  the  land  after  the  lime 
has  been  applied  {p.  388). 

3°.  Bat  the  most  Injuiioua  efiect  of  an  over-liming,  whether  it  be 
laid  on  at  one  or  at  successive  periods,  is  the  exhaustion  by  which  it  is 
succeeded.  "  An  overdose  of  shell- marl,"  says  Lord  Kames,  "laid  per- 
haps an  inch  thick,  pnxluces  for  a  lime  large  crops,  but  at  last  renders 
the  soil  capable  of  bearing  neither  corn  nor  grass,  of  which  there  are 
many  examples  in  Scotland."  The  same  is  true  of  lime  in  any  form. 
The  increased  fertility  continues  as  long  as  there  remains  an  adequate 
supply  of  organic  (animal  and  vegetable)  matter  in  the  soil,  bat  as  that 
disappears  the  crops  every  year  dimimsh  both  in  quantity  and  in  quality. 
An  interesting  illustration  of  this  exhausting  power  of  lime  is  aHorded 
by  the  observed  effects  of  long- continued  marling  upon  certain  poor  soils 
in  the  province  of  Isere,  in  France.  The  marl  there  employed  is  a 
sandy  marl,  containing  from  SO  to  60  pet  cent,  of  earboaate  of  lime — 
17* 
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very  mTifih  like  tlie  lime-sand  of  Ireland  or  1h.e  shell-sand  of  the  West- 
em  Islands  nlready  described  (p.  371).  A  layer  of  this  marl  one-third 
of  an  inch  thick,  apphed  at  intervals  to  a  soil  producing  in  its  natural 
stale  only  a  threefold  rpJMm  of  rye  every  other  year,  causes  it  to  yield 
for  the  first  10  or  12  years  an  ei£'Ai-/oZd  reium  of -wheal.  But  after  40 
years'  marling,  the  fanners  now  complain  that  the  land  will  give  only  a 
firar-fold  return  of  wheat.  But  the  cause  of  thm  reduction  is  to  be 
found  in  tiie  constant  cropping  with  corn,  in  the  grovring  of  no  green 
crops,  and  in  the  addilion  qfno  vumure.  Yet  even  with  this  treat- 
ment the  Vid  is  still  more  productive  than  before  the  marling  was  com- 
menced. It  produces  four  relums  instead  of  three,  and  it  grows  wheat 
where,  before  only  rye  would  thrive  and  ripen. 

Froin  the  possession  of  this  eshausting^  property  has  arisen  the  al- 
most universally  diffused  proverb,  that  litne  enriches  the  fathers  hut 
iwpoveriskes  tlie  sons.  The  fault,  however,  is  not  in  the  Ume,  but  in 
fheimprovideat  fathers,  who  in  this  casOj  as  in  so  many  others,  exhaust 
and  inconsiderately  squander  the  inheritance  of  their  sons.  If  care 
be  taken  to  keep  up  the  supply  of  organic  matter  in  Uie  soil — by  copi- 
ous additions  of  manure  or  otherwise  (p.  380) — limo  may  be  added 
freely  and  a  system  of  high  farming  kept  up,  by  which  boIJi  ^e  pres- 
ent holder  of  tile  land  and  his  successors  will  be  equally  benefitted. 

The  opinion  expressed  by  some  ol'the  highest  authorities  among 
practical  men,  that  too  much  lime  canmyt  be  added,  provided  the  so3 
abound  sufficiently  in  vegetable  matter,  may  perhaps  be  rather  over- 
stated ;  but  it  undoubtedly  embodies  the  result  oflong- continued  gen- 
era! observation — that  the  exhausting  effect  of  lime  may  be  postponed 
indefinitely  by  a  hberal  management  of  the  land.* 

5  18.  Length  oftiine  during  -which  lime  ads. 
It  is  the  fate  of  nearly  all  the  superficial  improvements  of  the  soil, 
that  they  are  only  temporary  in  their  duration.  The  action  of  lime 
ceases  after  a  time,  and  the  land  returns  to  its  original  condition.  The 
length  of  time  which  must  elapse  before  this  takes  place  will  depend, 
among  other  circumstances,  upon  the  quantity  of  lime  added  to,  or  ori- 
ginally contained  in,  the  soil — upon  the  kind  of  cropping  to  which  it  is 
subjected — on  Uie  nature  of  (he  soil  itself— on  the  slope  and  exposure 
and  natural  moisture  of  the  land,  and  on  the  climate  in  which  it  is 
situated. 

We  have  seen  that  on  the  arable  lands  of  the  south  of  Scotland  20 
years  is  the  longest  period  during  which  the  doses  tliere  applied  act 
beneficially  upon  the  crops— while  in  other  parts  of  tlie  country  re- 
newed applications  are  considered  necessary  at  much  shorter  intervals. 
Mr.  Dawson,  of  Frogden,  who  introduced  the  practice  of  liming  into  the 
Border  counties  of  Scotiand,  observed  that,  when  harrowed  in  wilh  tiie 

rBS  seeds,  its  eifect  in  improving  the  suhsequent  pasture  was  sensible 
30  years  aifer.     A  heavy  marling  or  chdldng*  in  the  southern  and 
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Midland  cownties  of  England  is  said  also  to  last  for  30  years,  and  the 
same  period  is  assigned  to  the  sensible  effect  of  the  ordinary  doses  of 
lime-sand  in  Ireland,  and  of  shell-sands  and  maris  in  several  parte  of 

The  effect  of  tlie  lime  lessens  gradually,  and  Ihovigh  at  the  end  of  an 
assignable  number  of  years  it  becomes  almost  insensible,  yet  it  does  not 
altogether  cease  till  a  much  ater  period.  Tliis  period  is  m  some  cases 
so  protracted  that  intelligem:  practical  men  are  mmany  districts  to  he 
met  with  who  believe — Uiat  certain  grass  lands  would  neeer  forget  a 
good  dose  of  lime  (p.  391,  note). 

5  19.  Of  the  Hfiking  of  lime  into  the  soil. 

One  of  the  causes  of  this  gradual  diminution  of  the  action  of  lime  is  to 
be  found  in  the  singularproperty  it  possesses  of  slowly  sinking  into  the 
land,  until  it  almost  entirely  disappears  from  the  surikce  soil.  It  lias 
been  long  fainilifir  to  practical  men,  that  when  grass  lands,  which  have 
been  limed  on  the  sward,  are  ailer  a  time  broken  up,  a  white  layer  or 
band  of  lime  is  seen  at  a  ^eater  or  less  depth  beneath  the  surface,  but 
lodging,  generally,  where  it  has  attained  its  greatest  depth  between  the 
upper,  loose  and  fertile,  and  the  lower,  more  or  lees  impervious  and  un- 
productive Eoii.  In  arable  larak  the  action  of  the  plough  counteracts 
Tliis  tendency  in  some  measure,  bringing  up  the  lime  again  from  be- 
neath, and  fceepn^  it  njixed  with,  the  surface  mould.  Yet,  through 
ploughed  land  it  eiuks  at  length,  especially  where  the  ploughing  is 
fihal&w,  and  even  the  industry  of  the  gardener  can  scarcely  prevent  it 
from  descending  beyond  the  reach  of  his  spade. 

-Tile  chief  cause  ofthis  sinking  is  to  be  found  in  the  extreme  minute- 
ness of  the  particles  into  which  slaked  lime  naturally  falls.  If  a  por- 
tion of  slaked  lime  be  nuKed  with  wal«r  it  forms  a  milky  mixture,  in 
which  some  lime  is  dissolved,  but  much  more  is  held  in  suspension  in 
an  extremely  divided  state.  When  this  milk  is  allowed  to  stand  undis- 
turbed, the  nne  particles  subside  very  slowly,  and  are  easily  again  dis- 
turbed, but  if  Uirown  upon  a  fitter  they  are  arrested  immediately,  and 
the  Ume-watev  passes  through  clear.  Suppose  these  fine  particles  to 
be  mixed  with  the  soil,  and  the  rain  to  fall  upon  them,  it  will  carry 
them  downwards  through  the  pores  ofthe  soil  till  the  close  subsoil  acfei 
the  part  of  a  filter,  and  arrests  them.  This  tendency  to  be  washed 
down  is  common  not  only  to  lime,  but  to  aM  mmvtely  divided  earthy 
matter  of  a  aufficienlly  incoTierent  nahire.  Hence  the  formation  of  that 
more  or  less  impervious  layer  of  finely  divided  matter  which  so  often 
forms  the  subsoil  beneath  free  and  open  surface  soils.  And  that  lima 
should  appear  alone  or  chiefly  to  sink  on  any  cultivated  field,  may  arise 
from  this  circumstanoe^that  the  continued  action  ofthe  rains  had  long 
before  carried  downwards  the  finer  incoherent  particles  of  other  kinds 
which  existed  naturally  in  the  soil,  and  therefore  could  find  little  else 
but  the  lime  on  which  this  action  could  be  exercised. 

This  explanation  is  satisfactory  enough  in  the  case  of  light  and  open 
soils,  whicii  are  fiill  of  pores,  but  it  appears  less  so  in  regard  to  stifl 
clays  and  to  loamy  soils,  which  are  not  only  close  and  apparently  voii] 
of  pores,  but  seem  then.selves  to  consist  of  particles  in  a  sufflcientiy 
jnJnute  slate  of  divisi.^n  to  admit  of  their  being  carried  down  by  the 
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raiiis  in  an  eqiaal  degree  wilii  lime  itself.  This  difficulty  induced  Lord 
Dundonald  (o  suspect  the  agency  ofeome  chemical  principle  in  produ- 
cing tiie  above  effect.*  As  the  lime,  however,  is  unchanged  after  it  has 
descended,  is  still  in  a  powdeiy  state,  and  eshihits  no  appearance  of 
having  been  dissolved,  it  is  difficult  to  imagine  any  chemical  action  by 
which  such  a  sinking  could  have  been  brought  about. 

It  IB  possible  that  in  grass  lands  the  earfb-worms,  whicli  contribute  so 
much  to  the  gradual  production  of  a  fine  mould,  may,  b)  bringing  up 
ffie  other  earthy  matters  only,  contribute  to  the  apparent  sinking  of  the 
lime,  as  well  as  of  certain  other  top-dreseings.t 

The  effects  of  this  sinking  are  to  remove  the  lime  from  the  surface 
soil,  and  to  form  a  layer  of  calcareous  matter  which  in  wet  or  imper- 
vious bottoms  will  harden  and  form  a  more  or  less  solid  bed  or  pan, 
through  which  the  raina  and  roots  refiiae  to  penetrate,  and  which  the 
subsoil  plough  in  some  districts  can  tear  up  with  difficulty.  On  our 
stiffer  soils  it  encourages  the  growth  of  the  troublesome  coltsfoot,  and  in 
the  open  ditches  of  the  wholesome  water-oress. 

The  practical  remedies  for  this  sioliing  aie  of  two  kinds : 

P,  The  plouffhing  of  a  deeper  furrow,  and  hence  one  of  the  benefits 
which  in  manjf  localities  follow  the  use  of  the  trench  plough  (p.  322). 

2°.  The  sowing  of  deep-rooted  and  lime-loving  crops,  bucE  as  lucerne 
and  sainfoin,  which  in  such  soils  not  only  thrive,  but  bring  up  in  their 
slema,  and  restore  to  the  surface,  a  portion  of  the  lime  which  nad  pre- 
viously descended,  and  thus  make  it  available  to  the  after-crops. 
5  20.  Why  liming  mwsi  he  repeated. 

Lime  which  sinks,  as  above  described,  does  not  wholly  escape  from 
the  soil,  but  may  by  judicious  management  be  again  brought  to  the 
surface.  Such  a  sinking,  therefore,  does  not  necessarily  call  for  the  ad- 
dition of  a  fresh  dose  of  lime,  nor  does  it  explain  the  reason  why  in  prac- 
tice the  application  oflime  to  the  land  must  at  certain  intervals  be  every 
where  repeated. 

We  have  already  seen  that  the  influence  of  the  iime  we  have  laid 
upon  our  fields  after  a  time  gradually  diniinishes— the  grass  bepomea 
sensibly  less  rich  year  by  year,  the  crops  of  corn  less  abundant,  the  kind 
of  grain  it  will  ripen  less  valuable.  Does  the  lime,  you  might  ask,  ac- 
tually disappear  from  the  soil,  or  does  it  merely  cease  to  act"?  This 
quesljoii  has  been  most  distinctly  answered  by  an  experiment  of  Lam- 
padius.  He  mingled  lime  with  the  soil  of  apiece  of  ground  till  it  was 
Ui  the  proportion  of  1-19  per  cent,  of  the  whole,  and  he  determined  sub- 
sequently, by  analysis,  the  quantity  oflime  itcontainedineachoftho 
three  succeeding  years. 

The  first  year  it  contained     .     119  per  cent,  carbonate  of  lime. 

The  second  year     ....    0-89        "  " 

The  third  year 0-52        "  " 

The  fourtii  year 0*24        "  "  J 

'  "In  clnip.;  uid  toapiy  »l1a,  whLsli  are  (1)  eqii^y  dlirbBlble  with  Uine,Bndne«rl;nf  ihe 
Sine  EpecLan  jntiij'.ite  isadeni^  which  lltne  has  to  elnk^'annni  be  accnunleU  fur  Himply 

f  BtB  tn  a  snbat»(;;ti.t  Iiwiure  (he  reinarks  on  j™in*- (foi™  (o  grass;  bXho  Uie  Aulhot'e 
JUleiafnla  of  Agriailairal  C/mmislry.  p.  1213, 
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There  can  be  no  queslioa,  therefore,  that  the  lime  gradually  disappears 
or  ia  removed  from  the  soil. 

The  agencies  by  wliieh  this  removal  is  effected  are  of  several  liinds. 

1°.  In  some  cases  it  sinks,  as  we  have  already  seen,  and  escapes  into 
tlie  subsoil  beyond  the  reach  of  the  plough  or  of  the  roots  of  our  culti- 
vated crops. 

2".  A  considerable  quantity  of  lime  is  aamually  removed  from  the 
soil  by  the  crops  which  are  reaped  from  it.  We  have  already  seen 
{Lee,  X.,  54,)  that  in  a  four  years' rotation  of  alternate  green  and  com 
crops  the  quantity  of  lime  contained  in  the  average  produce  of  good 
land  amounts  to  248  lbs.  This  is  equal  to  60  lbs.  of  quick-lime  or 
107  lbs.  of  carbonate  of  lime  every  year.  The  whole  of  this,  however, 
is  not  usually  lost  to  the  land.  Part  atleastisrestored  to  it  in  the  ma- 
nure into  which  a  large  proportion  of  the  produce  is  usuall}r  converted. 
Yet  a  considerable  quantity  ia  always  lost — escaping  chiefly  in  the 
liquid  manure  and  in  the  drainings  of  the  dung-heaps — ^and  this  loss 
must  be  repaired  by  the  renewed  addition  of  Ume  to  the  land. 

3°.  Bat  the  rains  and" natural  springs  of  water  percolating  through 
the  soil  remove,  in  general,  a  still  greater  proportion.  While  in  the 
quick  or  caustic  state,  lane  is  soluble  in  pure  water.  Seven  huoiJred 
and  fifty  pounds  of  water  will  dissolve  aboutone  pound  of  lime.  The 
rains  that  fall,  therefore,  cannot  fiiil,  as  they  sink  through  the  soil,  to 
dissolve  and  carry  away  a  portion  of  the  lime  so  long  as  it  remains  in 
the  caustic  state. 

Againj  quick-lirae,  when  mixed  with  tlie  soil,  speedily  attracts  car- 
bonic acid,  and  becomes,  after  a  time,  converted  into  carbonate,  which 
is  nearly  insoluble  in  pure  water.  But  this  carhohate,  as  we  have 
itlready  seen  {Lee  III.,  §  1),  is  soluble  in  water  impregnated  with  car- 
bonic acid— and  as  the  drops  of  rain  in  falling  absorb  tEis  acid  from  the 
air,  tliey  become  capable,  when  they  reach  the  soil,  of  dissolving  an 
ajtpreciable  quantity  of  the  finely  divided  carbonate  which  they  meet 
with  upon  our  cultivated  lands.  Hence  tie  water  that  flows  from 
the  drains  upon  such  lands  is  always  impregnated  with  lime,  and 
sometimes  to  so  great  a  degree  as  to  Cormcalcareoua  deposits  in  the  in- 
terior of  the  drains  themselves,  where  the  fall  is  so  gentle  as  to  allow  the 
water  to  Unger  a  sufficient  length  of  time  in  the  soH. 

It  is  impossible  to  estmiate  the  quantity  of  lime  which  this  dissolving 
action  of  the  rains  must  grEidually  remove.  It  will  vary  with  the 
amount  of  rain  which  falls  in  each  locahty,  and  with  the  slope  or  inclina- 
tion of  the  land ;  but  the  cause  ia  at  once  universal  and  constantly  oper- 
ating, and  would  alone,  therefore,  render  necessary,  afler  tie  lapse  of 
years,  the  ^plication  of  new  doses  of  lime  both  to  our  pastures  and  to 
our  arable  adds. 

4°,  During  the  decay  ofvegetablematter,Emd  the  decom;^sitiDn  of 
mineral  compounds,  which  take  place  in  the  soil  where  lime  is  present, 
new  combinations  are  formed  in  variable  quantities  which  are  more  so- 
luble than  the  carbonate,  and  which  therefore  hasten  and  facilitate  this 
washing  out  of  the  lime  by  the  action  of  the  rains.  Thus  chloride  of 
calcium,  nitrate  of  lime,  and  gypsum,  are  all  jirodaced — of  which  the 
rwn  former  are  eminendy  soluble  in  water — while  organic  acids  also  re- 
Biilt  from  the  decay  of  the  organic  matter,  with  some  of  which  the  lime 
cbnns  readily  poluble  compounds  (salts)  easily  removed  by  wafer. 
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The  ultimate  resolution  of  all  vegetable  matter  in  the  soil  into  carbo- 
nic acid  and  water  (Lee.  VIIL,  §  3,)  likewise  aids  the  removal  of  the 
lime.  For  if  the  soil  be  everywhere  impregnated  with  carbonic  acid, 
Uie  rain  and  epring  waters  that  flow  through  it  will  also  become  charg- 
ed witli  this  ffae,  and  thus  be  enabled  to  dissolve  a  larger  portion  of  Ihe 
carbonate  of  Time  than  they  could  otherwise  do.  Thus  theory  indi^ 
cates,  what  I  believe  experience  confirms,  that  a  given  quantity  of  lime 
will  disappear  the  sooner  from  a  field,  the  more  abundant  tlic  animal 
and  vegetable  matter  it  contains. 

521.  Theory  oftlte  action  of  lime. 

Lime  acts  in  two  ways  upon  the  soil.  It  produces  a  mechanical  al- 
teration which  is  simple  and  easily  understood,  and  is  the  cause  of  a 
series  of  chemical  clianges,  ivliich  are  really  obscure,  and  are  as  yet 
susceptible  of  only  partial  explanation. 

In  the  finely  divided  state  ofquicit-lime,  of  slalted  lime,  or  of  soft 
and  crumbling  chalk,  it  stiffena  very  loose  soils,  and  opens  the  stiffer 
clays, — while  in  the  form  of  limestone  gravel  or  of  shell-sand,  it  may 
be  employed  either  for  opening  a  clay  soil  or  for  giving  body  and  firm- 
n^s  to  boggy  land.  These  effects,  and  their  esplanalion,  are  so  obvi- 
ous to  you,  that  it  is  uimecessary  to  dwell  upon  them. 

The  purposes  served  by  lime  as  a  chemical  constituent  of  the  soil  are 
at  least  of  four  distinct  kinds. 

1°.  It  supplies  a  kind  of  inorganic  food  which  appears  to  be  necessa- 
ry to  tJie  healthy  growth  of  all  our  cultivated  plants. 

2"..  It  neutralizes  acid  substances  which  are  naturally  formed  in  the 
soil,  and  decomposes  or  renders  harmless  other  noxious  compounds 
which  are  not  unfrequentiy;  within  reach  of  the  roots  of  plants. 

3°.  It  changes  the  inert  vegetable  matter  in  the  soil,  so  as  gradual- 
ly to  render  it  useful  to  vegetation. 

4°.  It  causes,  facilitates,  or  enables  otiier  useful  compounds,  both 
organic  and  inorganic,  to  be  produced  in  the  soil, — or  so  promotes 
the  decomposition  of  existing  compounds  as  to  prepare  them  more 
speedily  for  entering  into  the  circulation  of  plants. 

These  several  modes  of  action  it  will  be  necessary  to  illustrate  in 

532.  0/ lime  as  t!ie  food  of  plants. 

In  considering  the  chemical^  nature  of  the  ash  of  plants  (Lee  X., 
5  3  and  4),  we  have  seen  that  lime  in  all  cases  forms  a  considerable 
proportion  of  ita  whole  weight.  Henee  the  reason  why  lime  is  re- 
garded as  a  necessary  food  of  plants,  and  hence  also  one  cause  of  its 
beneflaial  influence  in  general  agricultural  practice. 

The  quantity  of  pure  Ume  conteiined  in  the  crops  produced  upon  one 
(icre  during  a  four  years'  rotation  amounts,  on  an  average,  to  342  lbs. 
which  are  equal  to  about  430  lbs.  (say4cwt.  )  of  carbonate  of  lime,  m 
the  slate  of  marl,  shell-sand,  or  lime-stone  gravel  f  See  Lee.  X,  j  3.) 
It  is  obvious,  therefore,  that  one  of  the  most  intelligible  puraoses  aei^«d 
hy  lime,  as  a  chemical  constituent  oftte  soil,  is  to  supply  this  comptM.- 
tivciy  large  quantity  of  lime,  which  in  some  form  or  omer  musl  ooier 
into  the  roots  of  plants. 
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But  the  difFereot  crops  which  i\ 

tjons.     Thus  the  average  produc 

ing  cropE  contains  of  lime — 

Wheat,  35  bushels,  . 

Barley,  38  bushels,    . 

Oats,  50  buahela,  . 

Turnips,  25  tone, . 

Potatoes,  9  tons,   . 

Red  clover,  2  tone. 

Rye  grass,  2  tons, 

These  quantities  are  not  constant,  and  wheat  especially  contains 

much  more  lime  than  is  above  stated,  when  it  is  growa  upon  land  to 

which  lime  has  been  copiously  applied.    But  the  very  different  quanti- 

iie&  contained  in  the  seyeral  crops,  as  above  exhibited,  shew  thatone 

reason  ichy  lime  favours  the  growth  of  some  crops  more  t?ian  ot.'iers  is, 

(hat  some  actually  take  up  a  larger  quantity  of  lime  aa  food.     These 

e,  therefore,  require  the  presence  oflime  in  greaterproportion  in  the 

'n  order  that  tiiey  may  be  able  to  obtain  it.so  readily  that  no  delay 

may  occur  in  the  performance  of  those  functions  or  in  the  growth  of  those 

parts  to  which  lime  is  indispensable. 

§  23.  TAe  chemical  action  of  lime  is  e:eertedcRiEFhYJiponilie  organic 
matter  of  the  soil. 
There  are  four  circumstances  of  great  practical  importance  in  regard 
to  tlie  action  oflime,  which  cannot  he  too  carefully  considered  in  refe- 
rence also  to  the  theory  of  its  operation.    These  are— 

1°.  That  lime  has  little  or  no  effect  upon  soils  in  which  organic  mat- 
ter is  deficient. 

2".  Tltat its  apparent  effectia  inconsiderable  during  the  first  year 
after  its  apphcation,  compared  with  that  which  it  produces  in  the  second 
and  third  years. 

3°.  That  its  effect  is  most  sensible  when  it  is  kept  near  the  surface  of 
the  soil,  and  gradually  becomes  lesa  as  it  sinks  towards  the  subsoil. 
And, 

4°.  That  under  the  influence  of  lune  the  organic  matter  of  the  soil 
disappears  more  rapidly  than  it  otherwise  would  do,  and  that  after  it 
has  thus  disappeared  fresh  additions  of  lime  produce  no  further  good 
effect. 

It  is  obvious.from  tliese  facts,  that  in  general  the  main  beneficial  pur. 
pose  served  by  lime  is  to  be  sought  for  in  the  nature  of  its  chemical  ac- 
tion upon  the  organic  matter  of  the  soil — an  action  which  takes  place 
slowly,  which  is  hastened  by  the  access  of  air,  and  which  cauaes  the 
organic  matter  itself  ultimately  to  disappear. 

5  24.  Of  the  forme. in  •which  organic  matter  tmually  exists  inthe  soil, 
aiid  drcumstances  tinder  inMch  its  decomiposition  may  take  place. 
I. — The  organic  matter  which  hme  thus  causes  to  disappear  is  pre- 
sented to  it  in  one  or  other  of  five  different  forms : 

1°.  In  that  of  recent,  often  grc-jr,  moist,  and  undecomposed  roots, 
leaves,  and  stems  of  plants. 
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2".  In  that  of  dry,  and  still  undecomposed,  vegetable  matter,  such 

3°.  In  a  more  or  less  decayed  or  decaying  slate,  generally  black  or 
brown  in  colour~acd  often  m  some  degree  soluble  in  water. 

4°,  In  what  is  called  the  iiiert  state,  when  spontaneous  decay  ceases 
to  be  sensibly  observed.    And 

5°,  In  the  state  of  chemical  combination  with  the  earthy  substances 
— with  the  alumina  for  example,  and  with  the  lime  or  magnesia— al- 
ready existing  in  the  soil. 

Upon  these  several  varieties  of  organic  matter  lime  acts  with  differ- 


)f  rapidity, 
nal  result  of  tb 


II-— -The  final  result  of  the  decomposition  of  these  several  forms  of 
organic  matter,  when  they  contain  no  nitrogen,  is  their  conversion  into 
carbonic  acid  and  water  only  (Lee.  VIIL,  §3).  Thevpaes,  however, 
through  several  intermediate  stages  before  they  reach  this  point — the 
uumber  and  rapidity  of  which,  and  the  kind  of  changes  they  undergo 
at  each  stage,  depend  upon  the  circumstances  under  which  liie  decom- 
position is  effected.    Thus  the  substance  may  decompose— 

1°.  AUme,  in  which  case  the  changes  that  occuf  proceed  slowly,  and 
arise  solely  from  a  new  arrangement  of  its  own  particles.  This  kmd  of 
decomposition  rarely  occurs  to  any  extent  in  the  soiL 

9°,  In  the  presence  ofwaier  onto.-— Thie  also  seldom  talies  place  in 
the  soil.  Trees  lon^  buried  in  moist  clays  impervious  to  air  exhibit  the 
kind  of  slow  alteration  which  resvdts  from  tiieprwence  of  water  alone. 
In  the  bottoms  of  lakes,  ditches,  and  boggy  places  also,  from  which  in- 
flammable gases  arise,  water  is  ihaprmcvpal  cause  of  the  more  rapid 
decomposition. 

3°.  In  the  presence  of  air  only. — In  nature  organic  matter  is  never 
placed  in  this  condition,  the  air  of  ouratmosphere  being  always  largely 
mixed  witli  moisture.  In  dry  air  decomposition  is  exceedingly  slow, 
and  the  changes  which  dry  organic  substances  undergo  in  it  are  often 
scarcely  perceptible. 

4".  In  the  presence  of  both  leaier  tmd  air.— This  is  the  almost  uni- 
versal condition  of  the  organic  matter  in  our  fields  and  farm-yards. 
The  joint  action  of  air  aiS  water,  and  the  tendency  of  the  elements  of 
Bie  organic  matter  to  enter  into  new  combinations,  cause  new  chem- 
ical cnanges  to  succeed  each  other  with  much  rapidity.  It  will  of 
souise  be  understood  that  moderate  warm&  is  necessary  to  the  pro- 
iuction  of  these  effects.* 

5°.  In  the  presence  of  lime,  or  of  some  other  alkaline  substance  (pot- 
ish,  soda,  or  magnesia). — Organic  inatter  is  often  found  in  the  soil  in 
iuch  a  slate  tliat  the  conjoined  action  of  both  air  and  water  are  unable 
to  hasten  on  its  decomposition.    A  new  chemical.agency  must  then  be 

fwlll"^!  iirt.^'oMf°VheKirplelal7  omlJId'mr  wilt 
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introduced,  by  which  tlie  elements  of  the  organic  mattcrmayagfiin  be 
set  in  motion.  Lime  is  the  agent  which  for  this  purpose  is  most  large- 
ly employed  in  practical  agriculture. 

§25.  Oeneral  action  of  alkalineatibstances  upon  organic  mailer. 

It  is  this  action  of  alkaline  matters  upon  the  organic  substances  of  the 

Boil  in  the  presence  of  air  and  water  that  we  are  pnncipaUy  to  in  vestigate. 

When  organic  matter  undergoes  decay  in  the  presence  of  air  and 
water  only,  it  first  rota,  as  it  is  called,  and  blackens,  giving  off  water 
or  its  elements  chiefly,  and  forming  humMS — a  mixture  of  humio,  ulmic, 
and  some  other  acids,  (Lee.  XIII.,  §  1,)  with  decaying  vegetable  fibre. 
It  then  commences,  at  ttie  expense  of  the  oxygen  of  the  air  and  of 
water,  to  form  other  more  soltible  acids  (malic,  acetic,  lactic,  crenic, 
mudesic,  &c.,)  among  which  is  a  portion  of  carbonic — and,  by  Ibe  aid 
of  the  hydrogen  of  tiie  water  which  it  deoorapoaes,  one  or  more  of 
the  many  compounds  of  carbon  and  hydrogen,  which  often  rise  up, 
as  the  marsh-gas  does,  and  escape  into  the  air,  (Lee.  VIII.,  §  3.) 

Thus  there  IS  a  tendency  towards  tjie  accumulation  of  acid  substances 
of  vegetable  origin  in  the  soil,  and  this  is  more  especially  the  case  when 
the  soil  is  moist,  and  where  much  vegetable  matter  abounds.  The  effect 
of  this  super-abundance  of  acid  matter  is,  on  the  one  hand,  to  arr^t  the 
farther  naturtJ  decay  of  the  organic  matter,  and,  on  the  other,  to  render 
the  soil  unfavorable  to  the  hefdtiiy  growth  of  young  or  tender  plants. 

The  general  effect  of  the  presence  of  alkalme  substances  in  the  soil 
is  to  counteract  tliese  two  evils.  They  combine  with  and  thus  remove 
the  sourness  of  the  acid  bodies  as  they  are  formed.  In  consequence  of 
this  the  soil  becomes  sweeter  or  more  propitiotis  to  vegetation,  while  tlie 
natural  tendency  of  the  vegetable  matter  to  decay  is  no  longer  arrested. 

It  is  thus  clear  that  an  immediate  good  effect  upon  the  land  mustfol- 
!o  w  eitlier  from  the  artificial  application  or  from  the  natural  presence  of 
alkaline  matter  in  the  soilr-while  at  the  same  time  it  wiU  cause  the 
vegetable  matter  to  disappear  more  rapidly  than  wovjld  otherwise  be 
tiie  case.  But  the  effect  of  such  substances  does  not  end  here.  They 
actually  dispose  or  provoke— pre-dispose,  chemists  call  it — the  vegeta- 
ble matter  to  continue  forming  acid  substances,  ia  order  that  they  may 
cambine  with  them,  and  thus  caose  the  organic  matters  to  disappear 
more  rapidly  than  they  otherwise  would  do — in  other  words,  they 
hasten  forward  the  exhaustion  of  the  vegetable  matter  of  the  soil. 

Such  is  the  general  action  of  all  alkaline  substances.  This  action 
they  exhibit  even  in  close  vesBels.  Thus  a  solution  of  grape  sugar, 
mined  with  potash,  and  left  in  a  warm  place,  slowly  forms  melassic 
ttcid— while  in  cold  lime-water  the  same  sugar  is  gradually  converted 
into  another  acid  called  the  glitcic.  But  in  the  air  other  acids  am 
fonued  in  the  same  mixtures,  and  the  changes  proceed  more  rapidly. 
Such  is  the  case  also  in  the  soil,  where  the  elements  of  the  air  anil 
of  water  are  generally  at  hand  to  favor  the  decomposition. 

But  the  natiire  of  the  alkaline  matter  which  is  present  determines 
^so  the  rapidity  with  which  such  changes  are  produced.  The  most 
powerful  alkaline  suhstaacss— potash  and  soda^-produce  all  the  above 
effects  most  quickly ;  lime  and  magnesia  are  next  in  order ;  and  the 
alumina  of  the  clay  soils,  though  much  inferior  to  all  of  these,  is  far 
fSrom  being  without  an  important  influence. 
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Hence  one  of  the  benefits  which  result  from  the  use  of  wood-aeliea 
containing  carbonate  of  potash,  when  employed  in  small  quantities, 
and  along  with  vegetable  and  animal  manures,  as  fhey  are  in  tliis  coun- 
try ;  but  hence  also  the  evil  effects  which  are  found  to  follow  from  the 
application  of  them  in  too  large  doses.  Thus  in  countri^  where  wood 
abounds,  and  where  it  is  asaal,  as  in  Sweden  and  Northevn  Russia, 
to  bum  the  forests  and  to  lay  on  their  ashea  as  manure,  iJie  tillage 
can  be  continued  for  a  few  years  only.  After  one  or  two  crops  the 
land  is  exliausted,  and  must  ag'in  be  left  to  its  natural  produce. 
5  26.  Special  effects  of  caustii,  lime  upon  the  several  ■carieties  of 
organic  matter  in  ike  soU. 

The  elfeets  of  lime  upon  organic  matter  are  precisely  the  same 
in  kind  as  those  of  the  alkalies  m  general.  They  are  only  less  in  de- 
gree, or  take  place  more  slowly,  than  when  soda  or  potash  is  em- 
ployed. Hence,  ttie  greater  adaptation  of  Ume  lo  the  purposes  of 
practioal  agriculture. 

1°.  Action  of  caustic  lime  alone  vpon  vegetable  mMter. — If  the  fresh 
leaves  and  twigs  of  plants^  or  blades  and  rools  of  grass,  be  introduced 
into  a  bottle,  surrounded  with  daked  lime,  aud  corked,  they  will  slowly 
undermj  a  certain  change  of  color,  but  they  may  be  preserved,  it  la 
said,  for  years,  witliout  exhibiting  any  striliing  charige  i>f  texture  (Mr. 
Garden.)  If  dry  straw  be  so  mixed  with  slaked  lime,  -.  will  exhibit 
still  leas  alteration.  In  either  case  also  the  changes  wil!i  be  even  leBc 
perceptible,  if,  instead  of  hydrate  of  lime,  the  carbonate  (or  miid  lime,) 
m  any  of  its  formSjbe  mixed  with  these  varieties  of  vegetable  matter. 
On  some  other  varieties  of  vegetable  matter, — such,  for  example,  as  are 
undergoing  rapid  decay,  or  have  ai  ready  reached  an  advanced  stage  of 
decomposition, — an  admixture  of  slaked  iime  produces  certain  percepti- 
ble changes  immediately,  and  mild  lime  more  slowly,  but  these  changes 
being  completed,  the  tendency  of  iime  aionfi  is  to  arrest  rather  than  to 
promote  further  rapid  alterations.  Hence,  the  following  opinions  of 
experienced  practical  observers  must  be  admitted  to  be  theoretically 
correct — in  so  far  as  they  refer  to  the  action  of  Itme  alone. 

"  If  straw  of  long  dung  be  mixed  with  slaked  lime,  it  will  be  pre- 
served." (Morton,  On  Soils,  3d  edition,  p.  181.) 

"  Lime  mixed  in  amass  of  earthcontainiogthehve  roots  and  seeds 
of  plants,  will  noi  destroy  them."  (Morton.) 

"  Sir  H.  Davy's  theory,  that  lime  dissolves  vegetable  matter,  is 

flven  up ;  in  fact,  it  hardens  vegetable  matter.  (Mr.  Pusey,  Royal 
gricultural  Journal,  ill.,  p.  912. 

These  opinions,  I  have  said,  areprobab.y  correct  in  so  far  as  re- 
gards the  unaided  action  of  lime.  They  even  express,  with  an  ap- 
proach to  accuracy,  what  will  Cake  place  in  the  interior  of  compost 
neaps  of  a  certain  Itind,  or  in  some  dry  soUs ;  but  that  they  cannot 
apply  to  the  ordinary  action  of  lime  upon  the  soil  is  proved  by  the 
other  result  of  universal  observation,  that  lime,  so  far  from  preserv' 
ing  the  organic  matter  of  the  land  to  lehich  it  is  applied,  in  reality 
wastes  it — causes,  that  is,  or  disp<ffies  it  to  disappear. 

2'.  Action  Realistic  lime  on  organic  matter  in  the  presence  of  air 
and  water. — In  the  presence  of  air  and  water,  when  assisted  by  a 
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favoring  temperature,  vegetable  matter,  as  we  have  already  Been, 
undergoes  spontaneous  decomposition.  In  the  same  circumstancea 
lime  promotes  and  sensihly  hastens  this  decomposition,— ahering  ^e 
ibrms  or  stages  tlu'ough  which  the  organic  matter  must  pass — but 
bringing  about  more  speedily  the  finaiconvereion  into  carbonic  acid 
and  water.  During  its  natural  decay  in  a  moiat  and  open  soil,  organic 
matter  gives  off  a  portion  of  carbonic  acid  gas,  which  escapes,  and 
forms  certain  other  acida  which  remain  in  the  dark  mould  of  Uie  soil 
itself.  When  quick  or  slaked  lime  is  added  to  the  land,  its  first  efiect 
is  to  combine  with  these  acids — to  form  carbonate,  humate,  &c,,  of 
lime— til!  the  whole  of  the  acid  matter  esisting  at  the  time  is  taken 
up.  That  portion  of  the  lime  which  remains  uiicombined,  either  slowly 
absorbs  carbonic  acid  from  the  air  or  uiiites  with  the  carbonate  aheady 
formed,  to  produce  the  known  compound  of  hydrate  with  carbonate 
of  lime,— {Uiat  compound,  namely,  wMch  ia  produced  when  quick-lime 
slakes  spontaneously  in  llie  air— «ee  p.  368,)— waiting  in  this  state  in 
the  soil  till  some  fresh  portions  of  acid  matter  are  formed  with  which 
it  may  combine.  But  it  does  not  inactively  wait ;  it  persuades  and 
influences  the  organic  matter  to  combine  with  the  oxygen  of  the  air 
and  water  with  \5iich  it  is  surrounded,  for  the  production  of  such  acid 
substances — till  finally  the  whole  of  the  lime becomescombined  either 
with  carbonic  or  with  some  other  acid  of  organic  origin. 

Nor  at  this  stage  are  the  action  and  influence  of  lime  observed  to 
cease.  On  the  contrary,  tliia  result  will,  in  most  soils,  be  arrived  at  in 
the  course  of  one  or  two  years,  while  the  beneficial  action  of  the  lime 
itself  may  be  perceptible  for  20  or  30  years.  Hence  there  is  much  ap- 
parent ground  ibr  the  opinion  of  Lord  Kames,  "  that  lime  is  as  effica- 
cious in  its  (so  called)  ^ete  as  in  its  caustic  state."  Even  the  more 
strongly  expressed  opinion  of  the  same  acute  observer,  "that  lime  pro- 
duces little  effect  upon  vegetables  till  it  becomes  effete" — derives  much 
support  from  experience — since  lime  is  known  to  have  comparatively 
litue  effect  upon  fe  productiveness  of  the  land  till  one  or  two  years 
after  ila  application ;  wid  this  period,  as  I  have  said,  is  in  most  locah- 
ties  sufficient  to  deprive  even  slaked  lime  of  all  its  caustic  properties. 

Of  the  sahne  compovmds,  (saline  compounds  or  salts  are  always 
formed  when  lime,  magnesia,  potash,  soda,  &c.,  combine  with  acids,) 
which  caustic  lime  thus  forms,  either  immediately  or  ultimately,  some, 
like  the  carbonate  and  humate,  being  very  sparingly  soluble  in  water, 
remain  more  or  less  permanently  in  the  soilj  others,  like  the  acetate 
of  hme,  being  readily  soluble,  are  either  washed  out  by  the  rains  or 
are  sucked  up  by  the  roots  of  tne  growing  plants.  In  the  former  case 
^ey  cause  the  removal  of  both  organic  matter  and  of  lime  from  the 
land ;  in  the  latter  they  supply  the  pant  with  a  portion  of  organic  food, 
and  at  the  same  time  with  ume — without  which,  as  we  have  frequents 
ly  before  remarked,  plants  cannot  be  maintained  in  their  most  healthy 
condition. 

I  27.  Action  of  mild  (orcarbonate  of )  lime  upon  iJie  vegetable  matter 
of  the  soil. 

The  main  utility  of  lime,  therefore,  depends  upon  its  prolonged 
after-actloa  upon  the  vegetable  matter  of  the  soil.  What  is  this  no- 
tion, and  in  what  consist  .ae  benefits  to  which  J.  gives  rise? 
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III  answering  tliia  question,  it  is  of  importance  to  observe  that  all 
tlie  efiecta  produced  by  alkaline  matter  in  general — wbether  by  lime 
or  by  potaen — in  the  caustic  state,  are  prodiiced  ia  Idntd  also  by  tbo 
same  Bubetances  in  the  state  of  carbonate. '  The  carbonic  acid  with 
which  they  are  united  is  retained  by  a  comparatively  feeble  affinity 
and  is  displaced  with  greater  or  less  ease  by  almost  every  other  acid 
compound  which  is  produced  in  the  soil.  With  this  dieplacement  is 
connected  ah  interesting  aeries  of  beautiful  reactions,  whidi  it  is  of 
consequence  to  understand. 

You  will  recollect  that  the  great  end  which^nature,  so  to  speak,  has 
in  view,  in  all  the  changes  to  which  shesubjectsorganic  rnatter  in  the 
soil,  is  to  convert  it — witJi  the  exception  of  its  nitrogen — into  carbonic 
acid  and  water.  For  this  purpose  it  combines  at  one  time,  with  the 
oxygen  of  the  air,  while  at  anoiher  it  decomposes  water  and  unites  with 
the  oxygen  or  the  hjdrogen  which  are  liberated,  or  with  both,  to  form, 
new  chemical  combinations.  Each  of  these  new  combinations  is  either 
immediately  preliminary  to  or  is  attended  bj^  the  conversion  of  a  por- 
tion to  the  elements  of  the  organic  matter  into  one  or  other  of  those 
simpler  forms  of  matter  on  which  plants  live.  Now  during  these  pre- 
hmmary  or  preparatory  steps,  acid  substances,  as  I  have  already  ex- 
plained, are  among  others  constantly  produced.  With  these  acids,  the 
carbonate  of  lime,  when  pr^ent  in  the  soil,  is  ever  ready  to  combine. 
But  in  so  combining,  it  gives  off  the  carbonic  acid  with  which  it  is  al- 
ready united,  and  (Sua  a  continual,  slow  evolution  of  carbonic  acid  is 
kept  up  as  long  as  any  undecoraposed  carbonate  remains  ia.  the  soil. 

I  do  not  attempt  to  spectfy  by  name  the  various  add  substances 
which  are  thus  formed  during  the  osidation  of  tlie  organic  matter,  and 
which  successively  unite  with  the  lime,  because  the  entire  series  of 
interesting  and  highly  important  changes,  which  organic  substances 
undergo  in  the  soiX  has  as  yet  been  twi  little  investigated,  to  permit 
us  to  do  more  than  speak  in  general  terms  of  the  nature  of  the  che- 
mical compounds  which  are  most  abundantly  produced.  Of  two  facts, 
however,  in  regard  to  them,  we  are  certain — that  they  are  simpler  in 
their  constitution  than  the  original  organic  matter  iteelt]  from  which 
they  are  derived — and  that  they  have  a  tendency  to  assume  still 
simpler  forms,if  they  continue  to  be  exposed  to  the  same  united  action 
of  air,  water,  and  alkaline  substances. 

Hence  the  compounds  which  Ume  has  formed  with  the  acid  sub- 
stances of  the  soil,  themselvM  hasten  forward  to  new  decompositions, 
— unite  with  more  oxygen,  Uberate  slowly  portion  ajter  portion  of 
their  carbon  in  the  form  of  carbonic  acid,  and  of  their  hydrogen  in  the 
form  of  water,  till  at  length  the  Ume  itself  is  left  agam  in  tiie  state 
of  carbonate,  or  in  union  with  carbonic  acid  only.  This  residual  car- 
bonate begins  again  the  same  roundof  changes  through  which  it  had 
previously  passed.  It  gives  up  its  carbonic  acid  at  the  bidding  of 
some  more  powerftd  organic  acid  produced  in  its  neighborhood,  while 
this  acid,  l!y  exposure  to  the  due  influences,  undergoes  new  altera- 
tions till  it  also  is  finally  resolved  into  carbonic  acid  and  water. 

Two  cmiumstances  are  deserving  to  be  borne  in  mind  in  reference 
to  these  successive  decompositions— ^si,  that  in  the  course  of  them 
more  soluble  compounds  of  lime  are  now  and  then  formed,  some  of 


..Ckxij^lc 


i  iMf  407 

which  are  washed  oiit  by  the  rains,  and  eacapi.  fnnt  tn--  soil,  while 
others  minister  to  the  growth  of  plants  , — and  E'  <  nnf/,  ilirl  i  ery  much 
carbonic  acid  is  produced  as  Iheir  final  result — nf  Jiii  I  lUo  part  ia 
taken  up  by  the  roots  of  plants,  and  part  escape"  imo  t!ii  i<H  Thuo 
at  every  successive  stage  a  portion  of  organic  iiiattei  "  Ic  it  to  the 
Boil.  If  this  quantity  be  greater  than  that  which  i  yeaJt  fined  in 
the  form  of  roots  or  decayed  leaves  and  stems  of  pluvis  i,,  A  nianvire 
artificially  added,  the  soil  will  be  gradually  e\liaui  tri '-  -it  '  s,  rt  wiU 
every  yeeir  become  more  rich  ia  vegetable  matter 

It  is  also  to  be  borne  in  mind,  that  although,  tor  1 1  ■  j'jio»ip  of  il- 
lustration, I  have  supposea  the  carbonate  of  hme  fii  tin  a'  i  m  the 
soil  to  be  subsequently  combined  with  other  acido,  whu  li  'i  i'  uiily 
decompose  and  leave  it  again  in  the  state  of  carbon  \  yet  it  will 
rarely  happen  that  the  whole  of  the  carbonate  of  luae  m  the  soil 
wiE  be  in  any  of  these  new  states  of  combination  In  general,  a  part 
of  it  only  ia  thus  at  any  one  time  employed  m  workmg  up  the  acid 
substances  produced.  But  it  is  necessary  that  it  should  be  univer- 
sally diffused  tiirough  the  soil  in  order  that  it  may  he  everywhere  at 
hand  to  perforin  the  important  part  of  ile  functions  above  explamed. 
It  is  only  where  little  hme  is  present,  or  where  decaying  vegetable 
matter  is  in  exceeding  abundance,  that  the  whole  of  the  carbonate 
can  atone  and  the  same  time  disappettf  (p.  380.) 

The  changes,  therefore,  which  lime  and  organic  matter,  supposed 
lo  be  free  from  nitrosen,  respectively  undergo,  and  their  mutual  ac- 
tion in  the  soil,  may  be  summed  up  as  follows : — 

1°.  The  organic  matter,  under  (he  influence  of  air  and  moisture, 
spontaneously  decompose^  and  besides  carbonic  acid  which  escapes, 
■forms  also  other  acid  substfuices  which  linger  in  the  soil. 

2".  With,  these  acids  tie  quiok-Iime  combines,  and,  either  by  its 
n  with  them  or  with  carbonic  acid  from  the  air,  soon  (compara- 


ralively)  loses  its  caustic  state. 
3'.  The  production  of  acid  substances  by  the  oxidation  of  the  organ- 
"  iT  the  disposing  influence  of  the 


lime,  whether  caustic  or  cEmionafed.  These  acids  combine  with  the 
lime,  Uberating  from  it,  when  in  the  state  of  carbonate,  a  slow  but 
constant  current  of  carbonic  acid,  upon  which  plants  at  least  partly 

4°.  The  organic  acid  matter  which  thua  unites  with  the  lime  con- 
tinues itself  to  be  acted  upon  by  the  air  and  water,  aided  by  heat  and 
light — itself  passes  through  a  succession  of  stages  of  decomposition, 
at  each  of  which  it  gives  off"  water  or  carbonic  acid,  retaining  still 
its  hold  of  the  lime,  tSl  at  last  being  wholly  decomposed  it  leaves  the 
lime  again  in  the  state  of  carbonate,  ready  to  begm  anew  the  same 
round  of  change. 

During  this  series  of  progressive  decompositions,  certain  more  so- 
luble compounds  of  lime  are  formed,  by  which  plants  are  in  part  ai 
least  supplied  with  this  earfli,  and  which  with  the  aid  of  the  raini 
carry  off  both  lime  and  organic  matter  from  the  soil. 

And,  again,  the  more  rapid  the  production  of  the  acid  substancos 
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which  result  from  the  union  of  the  organic  matter  with  oxygen,  the 
more  abundant  id  general  also  the  production  of  lliose  gaseous  and 
volatile  compounds  which  they  form  by  uniting  with  hydrogen,  so 
that,  in  promoting  the  formation  of  the  one  class  of  bodies,  lime  also 
favors  the  evolution  of  tlie  other  in  greater  abund^ice,  and  thus  in 
a  double  measure  contributes  to  the  exhaustion  of  the  soil 

The  disposing  action  of  lime  to  this  twin  form  of  decomposition,  few 
varieties  of  organic  matter  can  resist, — and  hence  arises  the  wdl 
Imown  efficacy  of  lime  in  resolving  and  rendering  useful  the  appa- 
rently inert  .vegetable'  substances  that  not  unlrcciuently  exist  in  tlie 

5  23.  Of  the  comparative  utility  of  burned  and  unbumed  lime. 

Is  there  no  advantage,  then,  you  may  ask,  in  using  caustic  or  burned 
ratherthan  carbonated  or  imburned  lime?  If  the  ultimate  effects  of 
both  upon  the  land  be  the  same,  why  be  at  the  expense  of  burning? 
Among  other  benefits  may  be  enumerated  the  ibllowing; — 

1°.  By  burning  and  slaldng,  the  lime  is  reduced  to  the  state  of  an  im- 
palpable powder,  finer  than  couldbeobtainedby  any  available  method 
ot  crushing.  It  can  in  consequence  be  diffused  more  uniformly  through 
he  soil,  and  hence  a  smaller  quantity  will  produce  an  equal  eilect. 
This  minute  slate  of  division  also  promotes  in  a  wonderful  degree  the 
chemical  action  of  the  lime.  In  ^1  cases  chemical  action  takes  place 
betweenexceedinglj^minuteparljclesof  matter,  and  among  solid  sub- 
stances the  more  rapidly,  tlie  finer  the  powder  to  which  they  can  be  re- 
duced. Thus  a  maae  of  iron  OF  lead  slowly  rusts  or  tarnishes  in  the  air, 
hut  if  the  mass  of  either  metal  be  reduced  to  the  state  of  an  impalpable 
powder— which  can  be  done  by  certain  chemical  means — it  will  take 
fire^when  simply  excised  to  the  air  at  the  ordinary  temperature,  and 
will  burn  till  it  is  entirely  converted  into  oxide.  By  mere  mechanical 
division  the  apparent  action  of  the  oxygen  of  the  air  upon  metals  is  aug- 
mented and  hastened  in  this  extraordmary  degree — and  a  similar  re- 
sult follows  when  lime  in  an  impalpable  state  is  brought  into  contact 
with  the  vegetable  matter  upon  which  it  is  intended  to  act 

S'.  Theeffect  of  burned  iirae  is  more  powerfiil  and  more  immediate 
than  that  of  unburned  lime  in  the  form  of  chalk,  marl,  or  shell  sand. 
Hence  it  sooner  neutralizes  the  acids  which  .exist  in  the  soil,  and 
sooner  causes  the  decomposition  of  vegetable  matter  of  every  Itind  to 
commence,  upon  which  its  efficacy,  m  a  greater  degree,  depends. 
Hence,  when  it  can  easily  be  procured,  it  is  better  fitted  for  sour  grass 
or  arable  lands,  for  such  as  contain  an  excess  of  vegetable  matter,  and 
especially  for  such  as  abounds  in  tiiat  dead  or  inert  form  of  organic  mat- 
ter which  requires  a  stronger  stimulus — the  presence  of  more  power- 
ful chemical  affinitdes,  that  m — to  bring  it  into  active  decomposition. 
In  such  cases,  the  lime  has  already  done  much  good  before  it  fias  been 
brought  into  the  mild  state— and  remaining  afterwards  in  this  state  in 
the  soil,  it  still  serves,  in  a  great  measure,  the  same  slower  afler-pur- 
poses  as  the  original  addition  of  carbonate  would  have  done. 

3°.  Besides,  if  any  portion  of  it,  after  the  lapse  of  two  or  three 
years,  still  linger  in  the  caustic  state,  (p,  368,)  it  will  continue  to  pro- 
voke rftore  rapid  changes  among  the  organic  substances  in  the  eoi., 
than  mild  lime  alone  could  have  done. 
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4'.  Further,  quick-lime  is  soluble  Id  water,  and  hence  e 
thai  falls  and  sinks  into  the  soil  carries  witJi  it  &  portion  < 
long  as  any  of  it  remains  in  the  caustic  slate.     It  thus  res 
matters  that  lie  beneath  the  surface,  and  alters  and  aineliorate\ 
Uie  subsoil  itself.  "--^ 

5°.  It  is  not  a  small  additional  recommendation  of  quick-lime,  thtft 
by  burning  it  loses  about  44  per  cent,  of  its  weight,  thus  enabling 
nearly  twice  the  quantity  to  be  conveyed  from  place  to  place  at  the 
same  cost  of  transport.  This  not  only  causes  a  direct  saving  of 
money, — as  when  the  burned  chalk  of  Antrim  ie  carried  by  sea  to 
the  Ayrshire  coasts — but  an  additional  saving  of  labor  also  upon  the 
farm, — where  the  number  of  hands  and  horses  is  often  barely  suffici- 
ent tor  the  necessary  work. 
§  2EK  Action  of  lime  on  organic  substances  which  contain  nitrogen. 

1  have  hitherto,  for  the  aalte  of  simphcity,  directed  your  attention 
solely  to  the  actioi^  whether  immediate  or  remote,  whicn  is  exercised 
by  lime  upon  organic  matter  supposed  to  contain  no  nitrogen.  Its  action 
upon  compounds  iii  which  nitrogen  exists  is  no  l^s  beautiful  and  simple, 
perhaps  even  (nore  intelligible  aad  more  obviously  useful  to  vegetation. 

There  are  several  well  known  feicts  which  it  is  here  of  importance 
for  us  to  consider — 

1°.  That  the  black  vegetable  matter  of  the  soil  always  contains  ni- 
trogen. Even  that  whidiisraostinertretains  a  sensible  proportion  of 
it  It  exists  in  dry  peat  to  the  amount  of  about  2  per  cent  of  its  weight, 
and  still  clings  lo  the  other  elements  of  the  organic  matter,  even  afte  it 
has  undergone  those  prolonged  changes  by  which  it  is  finally  coaverted 
into  coal.  Since  nitrogen,  therefore,  is  so  important  an  element  in  all 
vegetable  food,  and  so  necessary  in  some  form  or  other  to  the  healthy 
growth  and  maturity  of  plants,  it  must  be  of  consequence  to  awaken 
this  element  of  decaying  vegetable  matter,  when  it  is  lying  dormant, 
and  to  cause  it  to  assume  a  form  in  which  it  can  enter  into  and  be- 
come useful  to  our  cultivated  plants. 

2°.  That  if  vegetable  matter  of  any  land  be  heated  with  slaked  lime, 
the  whole  of  the  nitrogen  it  may  contain,  in  whatever  state  of  combina- 
tion it  may  previously  exist,  wul  be  given  off  in  the  form  of  ammonia. 
The  same  takes  place  still  more  easily  if  a  quantity  of  hydrate  of  potash 
or  of  hydrate  of^soda  be  mixed  with  the  hydrate  of  lime.  Though  it 
has  not  as  yet  been  proved  by  direct  experiment — yet  I  consider  it  to  be 
exceedingly  probable,  that  what  takes  place  quickly  in  our  laboratories, 
at  a  comparatively  high  temperature,  may  talie  place  more  slowly  also 
in  the  soil,  and  at  the  ordinary  temperature  of  the  atmosphere. 

3°.  That  when  animal  and  vegetable  substances  ajc  mixed  with 
earth,  lime,  and  other  alkaline  matters,  in  the  so-called  nitre  beds,  (Lee. 
VIII.,  §5,)  ammonia  and  nitric  acid  areboth  produced,  the  quantity  of 
nitrogen  contained  in  the  weight  of  these  compounds  extracted  being 
much  greater  than  was  originallypresent  in  the  animal  andvegi^table 
matter  employed  (Dumas.)  Under  the  influence  of  alkaline  substances, 
therefore,  even  when  not  in  a  caustic  state,  the  decay  of  animal  and  ve- 
getable matter  in  the  presence  of  air  and  moisture  causes  some  of  the 
nitrogen,  of  the  atmosphere  to  become  fixed  in  the  soil  in  the  form  of 


..icacid.    What  takes  place  on  the  confined  areaof  a 
J  take  place  to  some  extent  also  in  the  wider  area  of  a 
jid  well-manured  field, 
jjtion  of  alkalies  in  the  nitre  bed,  disposing  to  the  jiroduc- 
.ntric  acid,  we  observe  tile  eame  kind  of  agency,  which  we 
already  attributed  to  lime,  in  regard  to  the  more  abundant  ele- 
,nts  which  exist  in  the  vegetable  matter  of  the  soiL    It  gently  per- 
duades  all  the  elements — nitrogen  and  carbon  alike — to  unite  with 
the  oxygen  of  air  and  water,  and  thus  ultimately  to  form  acid  com- 
pounds with  which  it  may  itself  combine. 

The  action  of  lime  upon  such  organic  matters  containing  nitrogen  as 
usuaEy  exist  in  the  eoil,  may,  therefore,  be  briefly  stated  as  follows : — 
P.  These  substances,  like  all  other  organic  matter,  undergo  in  moist 
air — and,  therefore,  in  the  soil — a  spontaneous  decomposition,  tJie  ge- 
nersd  result  of  which  is  the  production  of  ammonia,  and  of.  an  acid 
substance  with  which  the  aninionia  may  combine.  This  change  is 
precisely  analogous  to  that  which  takes  place  in  such  substances  as 
starch  and  woody  fibre,  which  cont^ns  no  nitrogen.  In  each  case, 
one  portion  of  the  elements  unites  with  oxygen  to  produce  an  acid, 
the  otlier  with  hydrogen  to  form  a  compound  possessed  of  alkaline  or 
indifferent  properties.  Thus, — 
With  oxygen, — vegetable  matter  produces  carbonic,  ulraic,  and  other 

"  animal  matter  produces  carbonic,  nitric,  vilmic,  and 

other  acids. 
Witli  hydrogen, — vegetable  matter  produces   marsh  gas  or    otiier 
oarburetted  hydrogens. 
"  animal  matter  produces  ammonia. 

If  the  ammonia  hap^n  to  be  produced  in  lai^er  relative  quantity 
than  the  acids  with  which  it  is  to  combine,  or  if  the  carbonic  be  the 
only  acid  with  which  it  unites,  a  portion  of  it  may  escape  into  the  air. 
This  rarely  happens,  however,  in  the  soil,  the  absorbent  properties  of 
the  earthy  matters  of  which  it  consists  being  in  most  cases  sufficient 
to  retain  the  ammonia,  till  it  can  be  made  available  to  the  purposes 
of  vegetable  life. 

When  caustic  (hydrate  of)  hme  is  added  to  a  soil  in  which  ammonia 
exists  in  this  state  of  combination  with  acid  matter,  it  seizes  upon  the 
acid  and  sets  the  ammonia  (ree.  This  it  does  with  comparative  slow- 
ness, however — for  it  does  not  at  once  come,  in  contact  with  it  all — 
and  by  degrees,  so  as  to  store  it  up  in  'he  pores  of  the  soil  till  the  roots 
of  plants  can  reach  it,  or  till  it  can  itself  undergo  a  further  change 
by  which  its  nitrogen  may  be  rendered  more  fixed  (p.  411.) 

Carbonate  of  Ume,  on  the  other  hand,  still  more  slowly  petsuadea 
the  ammonia  to  leave  the  acid  substances  (ulmic,  nitric  1  &c.,)  with 
which  it  is  combined,  and  yielding  to  it  in  return  its  own  carbonic 
acid,  enables  it  in  the  state  of  soluble  carbonate  of  ammonia  to  be- 
come more  immediately  useful  to  vegetation. 

2°.  But  in  undergoing  this  spontaneous  decay,  even  substances  con- 
taining nitrogen  reach  at  length  a  point  at  which  decomposition  appears 
to  stop — an  inert  condition  in  which,  though  nitrogen  be  present  as  in 
peat,  they  cease  sensibly  to  give  it  off  in  such  a  form  or  quantity  as  to 
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be  capable  of  ministering  to  vegetable  growth.  Here  cauetto  I. 
in  more  quickly,  and  mild  lime  by  slower  degrees,  to  promote . 
ther  decay.    It  induces  the  carbonaceous  matter  to  take  osyge^ 
the  air  and  from  water  and  to  form  acids;  and  the  nitrogen  to  unitb 
the  hydrogen  of  the  water  for  the  production  of  ammonia— Thus  help- 
ing forward  the  organic  matter  in  its  natural  course  of  decay,  and 
enabling  it  to  fulfil  its  deetined  purposes- in  reference  to  vegetable  life. 

3°.  But  the  ammonia  which  is  thus  disengaged  in  tiie  boU  by  decay- 
ing organic  matter,  though  not  immediately  worked  op,  bo  to  epeak,  by 
living  plants,  is  not  permitted  to  escape  in  any  large  quantity  into  tlie 
air.  ,  The  soil,  as  I  have  already  stated,  is  usually  absorbent  enough  to 
retain  it  in  its  pores  for  an  indefinite  period  of  time.  Andaainnature 
and  upon  the  earth's  surface  the  elements  of  matter  are  rarely  permitted 
to  remain  in  a  state  of  repose,  the  ammonia,  though  retained  apparently 
inactivein  the  soil,  is  yet  slowly  uniting  with  aportion  of  tlie  surround- 
ing oxygen  and  forming  oUricaMd  (Lee,  VIIL,  5  5,  note.)  When  no 
other  (jiurs  ia  prese'nt,  this  nitric  Eicid,  as  it  ie  producedj'unites  with  some 
of  the  ammonia  itseif  which  still  remains,  forming  wiirofe  of  omvmonia 
— but  if  potash  or  lime  bepreeent  within  ite  rearfi,  it  unites  with  them 
in  preference,  and  forms  the  nitrate  of  •^tash  or  -of  limte. 

But  lime,  if  present,  ia  not  an  inactive  spectator,  so  to  speak,  of 
this  slow  oxidation  of  ammonia.  On  (he  contrary,  it  promotes  this 
final  change,  and  by  being  ready  to  unite  with  the  nitric  acid  as  it 
forma,  increases  and  accelerates  ila  production,  at  the  expense  of  the 
ammonia  which  it  had  previously  been- instrumental  in  evolving. 

4°.  One  other  important  action  of  lime,  by  which  the  same  com- 
pounds of  nitrogen  are  produced  in  the  soil,  may  in  this  place  be  most 
(iroperly  noticed.  It  is  a  chemical  law  of  apparently  extensive  appKca- 
tion,  that  when  one  elementary  substance  is  undergoiag  a  direct  chemi- 
cal union  with  a  second  in  the  presence  of  a  third,  a  tendency  is  impart- 
ed to  the  third  to,  unite  also  withoneorwithbomof  the  other  two,  al- 
tliough  in  the  same  circumstances  it  would  not  unite  with  either,  if  pre- 
sent alone.  Thus,  when  the  carbonaceous  matter  of  the  soil  is  under- 
going oxidation  in  the  air — that  is,  combinmgwith  the  oxygen  of  the 
atmosphere — it  imparts  a  tendency  to  the  nitrogen  also  to  unite  with 
oxygen,  which  when  mixed  with  that  gas  alone,  {tlie  atmosphere  con- 
sisting, as  you  wilt  recollect,  of  nitrogen  and  oxygen — Lee  IL,  J  4,) — 
it  has  no  known  disposition  to  do.  The  resultofthis  is  the  production  of 
a  email,  and  always  a  variable,  proportion  of  nitric  acid  during  the  de- 
composition in  thesoiljof  organic  matter  even,  which  itself  contains  no 
nitrogen. 

Again,  it  ia  an  equally  remarkable  chemical  law,  that  elementary 
bodies  which  refuse  to  combine,  however  long  we  may  keep  them  to- 
g-ether in  a  state  of  mixture,  will  yet  unite  readily  when  presented  to 
each  other  in  what  iscalled  by  chemists  thenoscenf  state — that  is,  at 
the  moment  when  one  or  other  of  them  is  produced  or  ra  separated 
from  a  previous  state  of  combination. 

Thus  when  the  organic  matter  of  the  soil  decomposes  water  in  the 
presence  of  atmospheric  air,  its  carbon  unites  with  the  greater  part 
of  tie  oxygen  and  hydrogen  which  are  set  at  liberty,  and  at  the  same 
time  with  more  or  less  of  the  oxygen  of  the  atmosphere— but  at  the 


.it  the  nitrogen  of  tlie  atmosphere,  wMch  is  everywhere 

seizes  a  portion  of  the  hydrogen  and  forms  ammonia.     Thus 

jle,  and  in  any  one  limited  spot;  a  minute,  but  over  the  entire 

d  of  the  globe,  a  large  quantity  of  ammonia  is  produced  duriog 

oxidation  even  of  the  purely  carbonaceous  portion  of  the  organic 

matter  of  the  soil. 

Now  in  proportion,  as  the  presence  of  lime-promotes  this  decay  of 
vegetable  and  other  organic  matter  in  the  soil — in  tlie  same  propor- 
tion does  it  promote  the  production  of  ammonia  and  nitric  acid,  at  the 
expense  of  the  free  nitrogen  of  the  atmosphere,  and  this  may  be  re- 
garded as  one  of  tlie  valuable  and  constant  purposes  served  by  (he 
presence  of  calcareous  matter  in  the  soil. 

§  30.  How  tJtese  chemical  changes  directly  benefit  vegetation. 

You  will  scarcely,  I  think,  inquire  how  all  tlie«e  interesting  chemical 
changes  which  attend  upon  the  presence  of  lime  in  the  soil  are  di- 
rectly useful  to  vegetation,  and  yet  it  may  be  useful  shortly  to  answer 
the  question. 

i°.  Lime  combines  with  the  acid  eubstancea  already  existing  in  tlie 
soil,  and  thus  promotes  the  decomposition  of  vegetable  matter  which 
those  acid  mitatances  arrest  The  further  decompositions  which  en- 
sue are  attended  at  every  step  by  the  production  either  of  gaseous 
com.pound3 — such  as  carbonic  acid  and  light  carburetted  hydrogen — 
which  are  more  or  less  abundantly  absorbed  hy  the  roots  and  leavea 
of  plants,  and  thus  help  to  feed  them — or  ofacid  and  other  compounds, 
soluble  in  water,  which,  entering  by  the  roots,  bear  into  fJie  circula- 
tion of  the  plant  not  only  organic  food,  but  that  supply  of  lime  also 
which  healtny  plants  require. 

2°.  The  changes  it  induces  upon  substances  in  which  nitrogen  is 
present  are  still  more  obviously  useful  to  vegetation.  It  eliminates  am  - 
monia  from  the  compounds  in  which  it  exists  already  Ibrmed,  and  pro- 
motes its  slow  conversion  into  nitric  acid,  by  which  the  nitrogen  is 
rendered  more  fljted  in  the  soil.  It  disposes  the  nitrogen  of  more  or 
lees  inert  organic  matter  to  assume  the  form  of  ammonia  and  nitric 
acid,  in  whidi  state  experience  has  long  shown  that  this  element  is 
directly  favorable  to  the  growth  of  plants. 

3°.  It  influences  in  an  unknown  de^ee,  the  nitrogen  of  the  atmos- 
phere to  become  fixed  in  larger  proportion  in  the  soil,  in  the  form  of  nitric 
acid  and  ammonia,- than  would  otterwise  be  the  case,  and  this  it  does 
botli  by  the  greater  amount  of  decay  or  oxidation  which  it  brings 
about  in  a  given  time,  and  by  the  kind  of  compounds  which,  undents 
influence,  the  organic  matter  is  jii;- suaded  to  form.  The  amount  of 
nit'-ogenoui:  food  placed  within  reach  of  plants  by  this  agency  of  Ume 
will  vary  with  thecKmate,  with  the  nature  of  ttie  soil,  with  its  con- 
dition as  to  drainage,  and  with  the  more  or  less  liberal  and  skilful 
manner  in  which  it  is  (armed. 

5  31.   Why  lime  must  be  kepi  near  the  surface. 
Nor  will  you  fait  to  see  the  important  reasons  why  lime  ouglit  to 
be  kept  near  the  surface  of  the  soil — since 

1°.  The  action  of  Ume  upon  organio  matter  is  alm,0Bt  nothing  in 


the  absence  of  aif  and  moisture.    If  the  lime  sink,  there>-. 
the  constant  reach  of  fresh  air,  ita  efficacy  :k  in  a  great  degreu ., 

2°.  But  the  Eigency  of  the  hght  and  heat  of  the  aun,  thoagh  t  it 
not  hitherto  insisted  upon  their  action— are  scarcely  leas  necessary  ta 
the  full  experience  of  the  benefits  which  lime  is  capable  of  conferrin|f. 
The  light  of  the  sun  accelerates  nearly  all  the  chemical  deConjpeiaitioQB 
that  talte  place  in  the  soit — while  some  it  appears  especially  to  promote. 
The  warmth  of  the  sun'a  rays  may  penetrate  to  some  depth,  but  their 
light  can  only  act  upon  tte  mime<hate  surface  of  the  soil.  Hence  the 
ekilfia!  agricalturiat  will  endeavor,  if  possible,  to  keep  some  of  his  lime 
at  least  upon  the  very  surface  of  his  arable  land.  Perhaps  this  in- 
fluence of  light  might  even  be  adduced  as  an  argument  in  favor  of  the 
frequent  apphcation  of  lime  in  small  doses,  as  a  means  of  keeping  a 
portion  of  it  always  within  readi  of  the  sun's  rays ;  and  this  more  es- 
pecially on  grass  lands,  to  which  no  mechanical  means  can  be  apphed 
for  the  purpose  of  bringing  again  ffl  the  surface  the  lime  that  has  sunk 

There  are,  at  the  same  time,  ae  you  will  recollect,  good  reason  also 
why  a  portion  of  the  lime  should  be  dilfused  through  the  body  of  the 
soil,  both  for  tiie  purpose  of  combining  with  organic  acids,  already 
csistine  there,  and  with  the  view  of  acting  upon  certain  inorganic, or 
mineral  substances,  which  are  either  decidedlyinjurious,  or  by  the  ac- 
tion of  lime  may  be  rendered  more  wholesome  to  vegetation. 

Tn  order  that  this  diffusion  may  be  effected,  and  especially  that  lime 
may  not  be  unnecessarily  wasted  where  paina  are-  taken  by  mechanical 
means  to  keep  it  near  the  surface,  an  efficient  system  of  under-drainage 
should  be  cArefully  kept  up.  Where  the. rams  that  fall  are  allowed 
to  flow  off  the  surface  of  the  land,  they  wash  more  lime  away  the  more 
carefully  it  is  kept  among  the  upper  soil — but  where  a  free  outlet  is  af- 
forded to  the  water?  beneath,  they  carry  the  lime  with  them  as  they 
sink  towards  the  subsoil,  and  have  been  robbed  again  of  the  greater 
part  of  it  before  they  escape  into  the  drains.  Thus  on  drain^  land 
Ihe  rains  that  fall  aid  lime  in  producing  its  beneficial  effects,  while  in 
undrained  land  they  in  a  greater  or  less' degree  counteract  it 

5  32.  Action,  of  lime  upon  the  inorganic  or  mineral  matter  of  the  soil. 

Though  the  main  general  agency  of  lime  is  exerted,  as  we  have 
seen,  upon  the  orffanic  matter  it  meets  with,  yet  it  often  also  produces 
direct  chemical  changes  upon  the  mineral  couipi>unds  existing  in  the 
soil,  which  are  of  great  importance  to  vegetation.     Thus 

1°.  Lime,  either  in  the  mild  or  in  the  caustic  state,  possesses  the 
property  of  decomposing  the  eulphateof  iron,  whic!'  especially  abounds 
in  peaty  soils,  and  in  many  locaUties  so  saturate,:  the  subsoil  as  to 
make  it  destructive  to  the  roots  of  plants.  Sprengel  mentions  a  case 
ivhere  the  first  year's  clover  always  grew  well,  while  in  the  second 
year  it  always  died  away.  Thie,  upon  examination,  was  found  to  be 
owingto  the  ferruginous  natureof  the  subsoil,  which  caused  thedeath 
of  the  plant  as  soon  as  the  roofs  began  to  penetrate  it. 

When  salts  of  iron  exist  in  the  soil,  a  dressing  with  lime  will  bring 
the  land  into  a  wholesome  state  without  other  aid.  The  lime  wiR 
combine  with  the  acid,  and  form  gypaum,  if  it  is  the  sulphate  of  iron 
that  is  present,  while  the  first  oxide  of  iron  which  iseet  &MT*rilI)^yC 


..  itf  the  air,  be  converted  into  the  second  or  red  oxide,  in 
.  state  this  metal  is  no  longer  hurtfu!  to  vegetalion. 
.,  vVhen  tiieee  salts  are  to  he  decomposed  and  removed  from  the  sub- 
eoil,  lim^  must  be  aided  by  the  subsoil  plough  and  the  drain.  Unless 
an  outlet  beneath  be  provided  for  the  surface  water,  by  which  the 
rains  may  be  enabled  to  wash  away  slowly  the  noxious  substances 
fi^m  the  subsoil,  even  the  addition  of  a  copious  dose  of  lime  will  only 
produce  a  temporary  improvement, 

2".  Lime  deeoraposes  also  the  eulphales  of  magnesia  and  of  alumi- 
na, both  of  which  are  occasionally  found  in  the  EoiT,  and,  being  very  so- 
luble salts,  are  liable  to  be  taken  «p  by  the  roots  in  such  quantity  as  to 
be  hurtful  to  the  growing  plants.  When  soils  which  contain  any  of 
the  three  salts  I  have  mentioned  have  once  been  limed  or  marlwi,  it 
is  in  vain  to  add  gypsum  in  the  hope  of  favoring  the  clover  crop,  since 
the  lime,  in  decomposing  the  sulphates,  has  already  formed  an  abun- 
dant supply  of  tiiie  compound  for  all  the  purposes  of  vegetatipn, 

3°.  Among  theearthyconstituents.of  theEoil,weha:ve  already  seen 
that  there  often  esist  fragments  of  felspar  and  of  other  minerals  derived 
from  the  granitic  and  trap  rodis,  which  c-octain  potash  or  soda  in  the 
state  orsUicates.  These  silicates  we  know  to  be  slowly  decomposer 
by  the  agency  of  the  carbonic  acid  of  the  air^  {Lee  X.,  §  1,)  ana 
their  alkali  set  free  in  a  soluble  state.  This  decomposition  is  said  to 
be  prompted  by  the  presence  of  lime  (p.  361.) 

Again,  tlie  stalks  of  the  grasses  and  the  straw  of  the  corn-bearing 

Elants  contain  much  silica  m  combination  with  potaeh  and  soda.  In 
irm-yard  manure,  therefore,  much  of  these  silicates  is  present,  and 
when  mixed  with  the  soil,  there  appears  little  reason  to  doubt  that 
they  are  "of  much-beiieflt  to  the  growing  crops.  On  these  silicates, 
in  the  presence  of  carbonic  acid  and  moisture,  the  lime  acts  as  iidoes 
upon  the  mineral  silicates.  It  aids  in  the  liberation  of  the  potash  and 
soda,  and  thus  promotes  the  performance  of  those  important  functions 
wliioh  these  alkalies  are  destmed  to  exercise  in  reference  to  vegetable 
growth  (p.  328.) 

While  the  alkali  is  set  free  the  lime  itself  combines  with  the  silica, 
and  hence  one  source  of  the  silicate  of  lime  which,  as  I  have  already 
mentioned  to  you,  (p,  380,)  usually  exists  in  sensible  quantity  in  our 
cultivated  soils.     It  has  been  stated  by  Sprengel  (Lehre  vom  Dijnger, 

SI.  310,)  as  one  reason  why  the  addition  of  lime  must  be  rejieated  so 
i^quently  upon  some  soils  in  which  silica  abounds,  that  an  insoluble 
silicate  of  lime  is  found,  which  is  of  no  use  to  vegetation.  But  the 
silicates  of  lime  are  slowly  decomposed  by  the  agency  of  the  carbonic 
acid  of  the  air  and  of  decaying  vegetation,  and  to  this  cause  in  a  pre- 
vious lecture  {Lee.  XII.,  J  4,)  I  have  ascribed  much  of  the  fertile 
character  of  the  trap  and  syenitie  soils,  and  of  their  beneficial  action 
when  laid  on  as  a  manure. 
.  4°.  Potash  and  soda  exist  to  some  extent  in  clay  soils  in  combina- 
tion with  their  alumina.  The  presence  of  lime  has  a  similar  influence 
in  seMing  the  alkalies  free  from  this  state  of  combination  al^o. 

5°,  Ahiminahastbepioperty  of  combining  readily  with  many  vege- 
table acids,  and  in  the  clay  soils  exercises  a  constant  influence,  siniiTar 
m  kind  to  that  of  lime  and  other  alkaline  substances,  in  persuading  the 


..Ckxi^lc 


organic  matter  to  those  forme  of  decay  in  which  acid  cote>t 
more  abundantly  produced.    Hence,  clay  aoila  almost  alweres  c&i.,, 
portion  of  alomma  in  combination  with  organic  matter.    This  orgwi. 
matter  is  readily  given  up  to  lime,  and  by  the  more  energeticiiction  of 
this  substance  is  sooner  made  available  to  the  wants  of  new  races  of 
plants. 

(j°.  I  shall  bring  yoder  your  notice  only  one  olher,  but  a  highly  im- 
portant, decomposing  action,  which  lime  exercises  in  soils  that  abound 
in  vegetable  matter.  In.  the  presence  of  decaying  organic  substances 
the  carbonate  of  lime  is  capable  of  slowly  decomposing  common  salt, 
producing  carbonate  of  soda  and  chloride  of  calcium.  It  exercises  also 
.a  similar  decomposing  effect,  even  upon  the  suljihate  of  soda,  and,  ac- 
cording to  Berlhollet,  (Dumas  Traite  de  Chemie,  ii'.,  p.  334;)  incrus- 
tations of  carbonate  of  soda  (of  IVona  or  NatrOTi,  which  is  a  sfinqai 
carbonate  of  soda,)  are  observed  on  the  aarfaee  of  the  soil,  wherever 
carbonate  of  lime  and  common  salt  are  in  contact  with  each  otlier. 
If  we  consider  that  along  all  our  coasts  common  salt  may  be  said 
to  abound  in  the  soil,  bemg  yearly  sprinkled  over  it  by  the  salt  sea 
winds — tliat  generally,  along  the  same  coasta,  the  application  of 
snlphates  produces  little  sensible  effect  upon  thecrops,  and  that,  there- 
fore, in  all  probability  they  abound  in  the  soil,  derived,  it  may  be,  from 
tlie  same  sea  spray — we  may  safely  conclude,  I  think,  that  the  decom- 
position now  explained  must  takeplace  extensively  in  all  those  parts  of 
our  island  wHch  are  so  situated,  if  lime  in  any  of  its  forms  either  exists 
naturally  or  has  been  artificially  added  to  tholand.  The  same  mustbe 
tlie  case  also  in  those  districts  where  salt  springs  occur,  and  generaHy 
over  the  new  red  sand-stone  formation,  in  which  sea  salt  more  especially 

And  if  we  further  consider  the  important  purposes  which  the  carbo- 
nate of  soda  thus  produced  may  serve  in  reference  to  vegetation — that 
it  may  dissolve  vegetable  matter  and  carry  it  into  the  roots — that  it  may 
form  soluble  siUcatee,  and  thus  supply  the  necessary  siliceous  matter  to 
thestems  of  the  grasses  and  otherptants — and  Hiatrieing,  as  it  naturally 
doBs,  to  the  surface  of  the  soil,  it  there,  in  the  presence  of  vegetable  mat- 
ter, provokes  to  the  formation  of  nitrates,  so  wholesome  to  vegetable 
life — we  may  regard  the  decomposing  action  of  lime  by  which  this  car- 
bonate is  produced  as  amon^  the  most  valuable  of  its  properties  to  the 
practical  farmer,  wherever  circumstances  are  favorable  for  its  exercise. 

5  33.  Action  of  lime  on  animal  and  vegetable  life. 

It  is  only  necessary  to  allude,  in  conclusion,  to  one  or  two  other 
useful  purposes  which  lime  is  said  to  serve  in  reference  to  animal  and 
vegetable  life.     Thus 

1°.  It  is  said  to  prove  fatal,  especially  in  the  caustic  state,  to  worms, 
to  slugs,*  and  to  many  insects  injurious  to  the  iarmer,  and  to  destroy 
their  eggs  and  larvte.  In  Scotland  it  has  been  found  in  some  instances 
to  cheek  the  ravages  of  the  fly.  On  the  other  hand,  in  the  state  of  car- 
bonate, it  is  propitious  to  the  growth  of  the  land  snail  and  similar  crea- 

B3  Bla.ked  lime,  annn  aver  Vui  crop  betare  aunrlie.— Hlllyanl,  ^^al  Agr^idt^m  Joama 


-oh  bear  shells.  In  highiy  limed  land  flie  former  may  be  seen 
.jM  at  the  roots  of  the  hedges,  from  which  they  make  frequent  in- 
,  jiwons'upon  tJie  young  crops,  and  are,  I  believe,  especially  hurtful 
10  the  iumips. 

2°.  It  ie  found  to  prevent  symit  in  wheat.  For  this,  purpose  the 
seed  is  steeped  in  lime,  and  afterwards  dried  with  slaked  lime,  or  lime 
water  is  poured  upan  the  heap  of  corn,  which  is  turned  over,  and  left 
for  24  hours  (Hillyard.) 

3".  It  is  also  said  to  prevent  the  rot  and  foot-rot  in  sheep  fed  upon 
pastures  on  which,  before  liming,  the  stoclt  was  liable  to  be  affected 
by  Uiese  diseases  (Prideaus.) 

4°.  In  regard  to  its  actioa  upon  hving  plants,  it  is  certain  that  it  e* 
tirpatea  certain  of  the  coarser  grasses  from  sour  pastures  and  brings  up 
a  tenderer  herbage ;  but  practical  men  appear  to  differ  in  regard  to  its  ef- 
fcels  upon  the  roots  and  seeds  of  the  more  troublesome  weeds.  Accord- 
ing to  some,  the  addition  of  lime  to  a  compost,  or  to  tlie  soil,  will  kill 
the  roots  of  weeds  and  render  unproductive  eucn  noxious  seeds  as  may 
happen  to  bo  present.  According  to  others  (p.  405,J  this  is  a  mistake. 
I  believe  the  truth  to  be,  that  lime  will  lead  to  their  destruction  and 
decay,  if  the  circumstances  are  favorable  or  if  proper  pains  be  taken 
to  effect  it.  But  air  and  moisture  are  necessary  to  insure  this,  as  they 
are  to  effect  the  rapid  decay  of  dead  organic  matter.  If  the  in^e- 
dients  of  the  compost  be  duly  proportioned,  or  if  the  dose  of  lime 
added  to  tlie  land  be  sufficiently  large,  and  if  in  each  case  the  mix- 


5  34.  Use  of  silicate  of  lime. 

There  is  one  compound  of  lime  which,  though  occurring  occasionally 
in  all  soils,  has  not  hitherto  been  applied  to  the  improvement  of  the  land 
even  in  localities  where  it  most  abounds.  This  compound  is  die  silicate 
of  lime.  I  have  already  directed  your  attention  to  the  presence  of  this 
compound  in  the  trap  rocbB,  and  to  the  fertile  cbaraeter  which  it  imparts 
to  the  soils  which  are  formed  by  the  ifiitural  degradation  of  these  rocks. 

In  those  districts  where  the  smelting  of  iron  is  carried  on,  the  first 
slag  that  is  obtained  consists  in  great  part  of  silicate  of  lime.  This 
slag  accumulates  ia  large  quantities,  and  is  employed  in  some  dis- 
tricts for  mending  the  roads.  It  is  not  unworthy  the  attention  of  the 
jiractical  farmer — as  an  improver  of  his  fields — especially  where  caus- 
tic lime  is  distant  and  expensive,  or  where  hoggy  and  peaty  soils  are 
met  with  in  which  vegetable  matter  abounds.  On  such  liuid  it  may 
be  laid  in  large  quantity.  It  will  decompose  slowly,  and  while  it  im- 
parts to  the  soil  solidity  and  firmness,  will  supply  both  lime  and  silica 
to  the  growing  crops,  for  a  long  period  of  time. 

I  ^lTelhaH  rtrawn  your  aUentinn  (o  the  mnst  Iraporlanl  topics  cnnnactetl  with  Lha  um  of 
llino.gn  emcBciouii  an  liis^mnentin  [he  hands  Qfthe  skilful  end  Improiinf  ^miar  ibr  ame- 

pracrtMlmanio  aoorreor  eranltloq  pflhaiirtues  of  lima  and  of  the  theory  by  which  Ita 
effiiets  Bis  hi  bs  eiphined.  I  beltevs  thst  In  Iba  itisoretleal  )»rl  I  have  been  able  to  pnint 
DUIlo  tall  tba  leaitlDf  ehemkiil  prbotplBB  upon  which  Its  Influence  depends— if  any  thing 
Is  t^m  darfrt  ft  Is  baeauss  our  knowtsdge  is  not  yet  eomplele,    A  few  years  more,  and  wa 
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LECTURE  XVII. 

Of  ortanionianurM—VegelaHs  and  animal  mannrea.— Green  manurtnj;  ptoughlnn  in  of 

ring.— Improvemeiii  of  the  sail  bj  Ujlnj  down  lo  grass'  and  Oy  plan  ling.— Use  of  aea^ 
weed.— Dry  vegi^caWe  manures:  dryairaw,  chaff,  npe  dual,  malt-duat,  iiivF<lusI,  corion 
seeda.  ilrj  leaves.— Decajedvejelable  mailer :  use  of  psai,  lanhete'  iMirk,  and  compoala 
of  vpEBiaftle  mflUer.— Charcoal  powder,  aool.— Relallve  value,  Uieorelioal,  and  practldal, 

Bt  organic  manures  are  urideratood  all  those  substances  either  of 
vegetable  or  of  animal  origiiij  which  are  applied  Ut  the  land  for  the 
purpoBe  of  increasing  ila  fertility.  It  will  be  convenient,  to  consider 
J.  _ .  .  ^.-^  classes  of  organic  suljatances  si  '  ' 


The  parts  of  vegetables  may  be  applied  to  the  soil  in  three  dif- 
ferent forms — in  the  green,  in  the  drv,  and  in  the  more  or  less  natu- 
rally decayed,  fermented,  or  artificially  decomposed  state. 

§  I.  Of  green  manuring,  or  tlie  application  of  vegetable  matter  in 
the  green  state. 

By  green  manuring  is  meant  the  ploughing  in  of  green  crops  in 
lieir  Uving  state — or  of  green  vegetables  left  or  spread  upon  the 
land  for  the  purpose. 

1",  We  have  seen -in  the  preceding  lecture  how  important  air  and 
water  are  lo  the  decomposition  of  organic  matter.  Now  green  ve- 
getable substances  contain  within  themselves  much  water,  undergo 
decomposition  more  readily,  liierefore,  than  such  as  have  been  dried, 
and  are  more  immediately  serviceable  when  mixed  with  the  soil. 

3".  In  the  sap  of  plants  also  there  generally  exist  certain  compounds 
containing  nitrogen,  which,  not  only  decompose  very  readily  themselves, 
but  have  the  property  of  persuEiSng.  or  inducing  the  elements  of  the 
other  organic  matters,  with  which  they  are  in  contact,  to  assume  new 
forms  or  to  enter  into  new  chemical  combinations.  Hence,  the  sap  of 
plants  almost  invariably  undergoes  more  or  less  rapid  decomposition 
even  when  preserved  from  the  contact  of  both  air  and  water.  When 
this  decomposition  has  once  commenced  in  the  sap  it  is  gradually  propa- 
gated to  the  woody  fibre  and  to-the  other  substances  of  which  the  mass 
of  the  stems  and  roots  of  plants  is  composed.  Hence,  recent  vege- 
table matter  will  undergo  a  comparatively  rapid  decomposition,  even 
when  buried  to  some  depth  beneath  the  soil— and  tlie  elements  of  which 
it  consists  will  form  new  compounds  more  or  Ibbb  useful  to  living  plants, 
in  circumstances  where  dry  and  where  many  forms  even  of  partially 
decomposed  vegetable  matter  would  undergo  no  change  whatever. 

3°.  Further— when  green  vegetable  matter  is  allowed  to  decay  in 
the  open  air,  it  is  gradually  resolved  more  or  less  completely  into  car- 
bonic acid,  which  escapes  into  the  air  and  is  so  far  lost.  But  when 
buried  beneatli  the  surface,  this  formation  of  carbonic  acid  proceeds 
less  rapidly,  and  other  compounds — preparatory  to  the  final  resolution 
into  carbonic  acid  and  water — are  produced  in  greater  quantity  and 


.iJtEe  READILY  DECAY,  AND  ENRICH  THE  SOIL. 

,  .oil.    Thus  by  burying  vegetable  subefances  in  his  land 
,ree,n  state,  the  practical  man  actually  saves  a  portion  of  Uie 
jS  Foqi  of  plants,  which  would  otherwise  so  far  ruin  to  waste. 
..4*.  Fiijil.y:   Green  vegetable  substances,  by  exposure  to  (he  air, 
graduallf'  gire.up  a  portion  of  the  sahne  matter  tiiey  contain  to  the 
iBiowers  of  rmn  that  fall.    This  more  or  lees  escapes  and  is  lost  But  if 
buried  beneath  the  soil  this  saline  matter  is  restored  to  the  land,  and 
where  tile  green  matter  thus  buried  is  in  the  state  of  a  growing  crop, 
both  the  organic  and  inorganic  substances  it  contains  are  more  equaify 
diffused  through  the  sqH  than  thej-  could  be  by  any  other  Itnown  process. 
On  one  or  other  of  these  principles  depend  nearly  all  ^e  special  ad- 
vantages which  are  known  to  follow  from  green  manuring  and  from  the 
employment  of  green  vegetable  matter  in  the  preparation  of  composts. 

5  2.  Im/portaat  practical  residts  obtained  by  green  manuring. 

But  this  explanation  of  Uie  principles  on  which  tlie  efficacy  of  greeu 
manuring  depends,  does  not  fully  illustrate  the  important  practical  re- 
sults by  which,  in  many  localities,  it  is  uniformly  followed. 

Let  us  glance  at  these  results. 

1°.  The  ploughing'  in  of  green  vegetables  on  the  spot  where  they 
have  grown  may  be  followed  as  a  method  of  manuring  and  enriching 
aU  land,  where  olJier  manures  are  less  abundant.  Growing  plants 
bring  up  from  beneath,  as  far  as  their  roots  extend,  tiiose  substances 
which  are  useful  to  vegetation — and  retain  them  in  their  leaves  and 
stems.  By  ploughing  m  the  whole  plant  we  restore  to  the  surface 
what  had  previously  sunk  to  a  greater  or  less  depth,  and  thus  make 
it  more  fertile  tJian  before  the  green  crop  was  sown. 

2°.  This  manuring  is  performed  with  the  least  loss  by  the  nse  of 
vegetables  in  the  green  state.  By  allowing  them  to  decay  in  the  open 
air,  there  is,  as  above  stated,  a  lo^  both  of  organic  and  of  inorganic 
matter — if  they  be  converted  into  fermented  (farm-yard)  manure,  there 
ia  also  a  large  loss,  as  we  shall  hereafter  see ;  and  the  same  is  the 
case^  if  they  are  employed  in  feeding  stock,  with  a  view  to  their  con- 
version into  manure.  In  no  other  form,  can  the  same  crop  convey  to 
the  BoU  an  equal  amount  of  enriching  m,atter  as  in  that  of  green 
leaves  and  stems.  Wbere  the  first  object,  therefore,  in  the  farmer's 
practice,  ia  so  to  use  his  crops  as  to  enrich  his  land — he  will  soonest 
effect  it  by  ploughing  them  in  in  tbe  green  state. 

3°.  Another  imporlajit  result  is,  that  the  beneficial  action  is  almost 
immediate.  Green  vegetables  decoiapose  rapidly,  and  thus  the  first 
crop  which  follows  a  green  manuring  is  benefitted  and  increased  by 
it.  But  partly  for  this  reason  also  the  green  manuring — of  com  crop- 
ped land — if  Euded  by  no  other  manure,  must  generally  be  repeated 
every  second  year. 

4°.  It  is  said  that  grain  crops  which  succeed  a  green  manuring  are 
never  laid — and  that  the  produce  in  grain  is  greater  in  proportion  to 
the  straw,  than  when  manured  with  fermented  dung. 

5°.  But  it  is  deserving  of  separate  coosideratiouj  that  green  manu- 
ring is. especially  adapt^  for  improving  and  enrichmg  soils  which  are 
poor  in  vegetable  matter.  The  principles  on  which  living  plants  draw 
a  part — sometimes  a  large  part — of  their  sustenance  from  the  air, 


have  already  been  discussed,  and  I  may  presume  that  yo»J  ... 
understand  the  principles  and  admit  Uie  fact.     Living  jtoritb,, 
contain  ia  their  subst^ce  not  only  all  they  have  drawn  up,  from' i, 
soil,  but  also  a  great  part  of  what  they  have  drawn  froui  the  air. 
Plough  in  these  Uving  plants,  and  you  neceEsarily  add  to  tlie  soil 
more  than  was  taken  from  it — in  other  words,  yoa  m^e  it  richer  in 
organic  matter.    Repeat  tke  proceaa  with  a  second  crop  and  it  be- 
comes richer  still — and  it  would  be  difficult  to  define  the  limit  beyond 
which  the  process  could  no  further  be  carried. 

Is  Uiere  any  soil  then,  in  the  ordinary  climates  of  Europe,  which  ia  be- 
yond the  readioflhia  improving  process  ?  Those  only  are  so  on  which 
plants  refuse  to  grow  at  all,  or  on  which  they  grow  ao  languidly  as  to 
extract  from  Ihe  air  no  more  than  ia  r^torea  to  it  again  by  the  natu- 
ral decay  of  the  organic  matter  which  the  soils  aheady  contain. 

But  for  those  plants  which  grow  naturally  upon  the  soil,  agricultural 
skill  may  substitute  others,  which  will  increase  more  rapidly,  and  pro- 
duce a  larger  quantity  of  green  leaves  and  stems  for  the  purpose  of  being 
buried  in  the  soil.  Hence,  the  aeJection  of  particular  crops  for  the  pur- 
pose of  giving  manuring — those  being  obviously  the  fittest  which  in  the 
given  soil  and  clmiate  grow  'mostramMy^  or  ■which  produce  the  largest 
quantity  of  vegetable  matter  in  the  morteet  time  cmdat  the  smallest  cost. 

5  3.  Of  the  plants  which  in  different  soils  and  climates  areemployed 
far  green  manuring. 

On  this  principle  is  founded  the  selection  oi different  plants  in  different 
soils  and  climates  for  the  purpose  of  green  manuring.  That  which 
in  Italy  wilt  yield  the  largest  produce  of  leaves  and  stems,  at  the  least 
coat,  aad  in  the  shortest  time,  may  not  do  so  in  the  North  of  England  or 
of  Germany— and  that  which  will  enrich  a  poor  clay  or  an  exhausted 
loam  may  refuse  even  to  grow,  in  a  healthy  manner,  upon  a  drifting  sand. 

1°.  Spurry^  (Spergula  Arveaaia.) — It  ia  to  poof  dry  sandy  soils  that 
green  manuring  has  been  found  most  signally  beneficial,  and  for  such 
soiLs  no  plant  has  been  more  lauded  than  apurry.  It  may  eitber  be 
sown  in  autumn  on  ihe  corn  stubble  or  after  early  potatoes,  and 
ploughed  in  in  spring  preparatory  to  the  annual  crop,  or  it  may  be 
used  (o  replace  the  naked  fallow,  which  is  often  hurtful  to  lands  of  so 
light  a  character.  In  the  latter  case,  the  first  sowing  may  take  place 
in  March,  the  second  in  May,  and  the  third  in  July — each  crop  Being 
ploughed  in  to  the  depth  of  three  or  four  inches,  and  the  new  seed 
then  sown  and  harrowed.  When  the  third  crop  ia  ploughed  in,  the 
land  is  ready  for  a  crop  of  winter  com. 

Von  Voght .( Vortheile  der  griinen  Bediingutig)  states  that  by  such 
treatment  theworst  shiiiingsandamaybemade  to  yield  remunerative 
crops  of  rye — that  the  moat  worthless  sands  are  more  improved  by  it 
than  those  of  abetter  natural  quality — that  the  green  manuring  every 
other  year  not  only  nourishes  sufflcientij^  the  Stemate  crops  of  rye, 
but  gradually  enriches  the  soil — and  that  it  increases  the  effect  of  any 
other  manure  that  may  subsequently  be  put  on.  He  adds,  also,  that 
Bpurry  produces  oflen  as  much  improvement  if  eaten  off  by  cattle  as 
if  ploughed  in,  and  that  when  fed  upon  thia  plant,  either  green  or  in 
theslatii  >f  hay,  cows  not  only  give  more  milk,  but  of  a  richer  quality.  . 
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OF   THE    YETCH,    BUCKWHEAT,    ETC. 

..jiJlAipins. — In  Italy,  and  in  the  south  of  France,  the  white 
^^xt^sively  cultivated  as  a  green  manure.     In  Germany,  also, 

.^  beep'  found  to  be  one  of  those  plants  by  which  unfruitful  sandy 
eoils  inay4>eino8t  speedily  brought  into  aproductive  state.  The  supe- 
riority of  this  plant  for  the  purpose  of  enriching  the  soil  depends  upon 
its  deep  roots,  which  descend  more  than  two  feet  beneath  the  surmce 
— upon  its  heing  little  injured  by  drought,  and  Uttle  liable  to  be  at- 
tacked by  insects — on  its  rapid  growth — and  upon  its  large  produce 
in  leaves  and  stems.  Even  in  tlie  North  of  Germany  it  is  said  to 
yield,  in  three  and  a  half  to  four  months,  10  to  13  tons  of  green  herb- 
age. It  grows  in  all  soils  except  such  as  are  marly  ewid  calcareous, 
is  especially  partial  to  such  as  have  a  fbcruginous  sYmsoil,  and  besides 
enriching;,  also  opens  stiff  clays  by  its  strong  stems  and  roots. 

3^.  7ne  Vetch  is  inferior  in  many  of  its  qualities  to  the  white  lu- 
pin— yet  in  Southern  Germany  it  is  often  sown  on  the  stubble,  and 
ploughed  in  after  it  has  been  touched  witli  the  frost,  and  has  begun 
to  decay.  In  England  alsothe  winter  tare  ploughed  in  early  in  spring 
hasbeenfound  highly  advantageous  (British  Husbandly,  I., p.  407.)  It 
is  a  more  precarious,  however,  and  a  more  expensive  crop  than  either 
of  the  former,  and  requires  a  better  soil  for  its  succeesfiil  growth. 

4°.  Buck-  Wheat  is  also  too  uncertain  a  crop,  and  the  high  price  of 
ila  seed  renders  it  inferior  in  value  to  spurry  on  sandy  soils.  It  is  su- 
perior to  this  latter  plant,  however,  on  poor  heaths.  In  Southern 
Germany  it  is  sown  on  the  atuhhle,  and  ploughed  in  when  it  is  !8  or 
20  inches  high. 

5=.  Ra/ie  can  only  he  sown  upon  a  soil  which  is  already  in  some 
measure  rich,  hut  it  naB  the  advanta^  of  continuing  to  grow  very  late 
in  the  autumn,  and  of  beginning  agam  very  early  in  spring.  It  sends 
down  deep  roots  also,  and  loosens  clayey  soils  by  ite  thick  stems.  In 
the  light  soils  of  Alsace  it  is  sown  after  earb'  peas  and  potatoes,  and 
manures  the  land  for  the  succeeding  crop  of  wheat  or  rye. 

5°.  Rye  is  pronounced  hy  Von  Voght  to  he  tlie  best  of  all  green 
manures  for  sandy  soils,  hut  it  is  also  the  moat  expensive.  It  is  a 
very  sure  crop  and  begins  to  grow  very  early  in  the  spring,  but  it  is 
not  deep  rooted.  It  has  been  used  witli  advantage  in  Northern  Italy 
and  in  Germany. 

6".  1\i,mips  have  been  sown  in  Sussex  with  good  effect  as  a  stub- 
ble crop  for  ploughing  in  in  spring,  and  in  Norfolk  and  elsewhere  the 
Eortioiis  of  the  turnip  bulbs  which,  are  left;  when  they  are  eaten  off 
y  sheep  contribute,  when  ploughed  in,  to  enrich  the  land  for  the 
barley  that  is  to  follow.  Turnip  tops  are  in  many  places  ploughed 
in  with  much  benefit  to  the  land.*  Potattie  tops  also  might  be  dug 
or  ploughed  in  with  equal  advantetge, 

7'.  Borate  has  been  strongly  recommended  in  Germany,  and  es- 
pecially hyLampadius.  It  is  stated  by  this  experimenter  that  borage 
draws  from  the  air  ten  times  as  much  of  the  elements  of  its  organic 
matter  as  it  does  from  the  soil,  and  that  therefore  it  is  admirably  fit! ed 
for  enriching  the  land  on  which  it  grows. 

8°.  Red  Clover  is  often  ploughed  in  as  a  manure.     On  the  Rhine  it 
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la  sown  for  thia  purpose,  being  ploughed,  in  before  it  b^g^ 

la  French  Flandere  two  crops  of  clover  are  cut,  and  the  third!  ;p.,, 

in,  and  insomeparteof  the  United  States  of  North  Americk^the'te. 

which  alternates  with  the  wheat  crap  is  ploughed  in  as  th^vonly  ria^ 

nure  (Barclay's  "  Affricioltural  Tour  in  the  United  States."/:,  White 

Clover  is  not  so  vaTuable  for  this  purpose,  for  neither  is  it  so  deep 

root«d  nor  does  it  yield  so  large  a,  crop  of  stems  and  leaves. 

9°.  Old  Grass. — Perhaps  &e  most  common  form  of  green  manur- 
ing practised  ia  this  country  is  that  of  ploughing  up  grass  lands. of 
various  ages.  The  green  matter  of  the  soda  serves  to  manure  the 
t^ler-crop,  and  renders  the  soil  capable  of  yielding  a  richer  return  at 
a  smaller  expense  of  manure  artificially  added. 

In  regard  to  all  these  forms  of  green  manuring  it  is  to  he  observed 
that  they  enrich  the  soil  generairy,  and  are  therefore  well  fitted  to 
prepare  it  for  after-crops  of  corn ;  tkey  will  not  fit  it,  however,  for  a 
special  crop,  such  as  tumipSj  which  requires  to  be  unnaturally  forced 
or  pushed  forward  at  a  particular  period  of  its' growth. 

§  i.  Will  green  tnanaring  alone  prevEnt  land  from  becoming  exhausted? 

If  by  green  manuring  ia  meant  the  growing  of  vegetable  matter  upon 
one  lieli^  and  ploughing  it  ia  green  into  anoUier,  as  ia  sometimes  done, 
it  may  be  safely  said  tnai,  wnen  judiciously  practised,  land  may  by 
tliis  single  process  be  secured  for  an  indefinite  period  against  ex- 
haustion. But  if  we  plough  in  only  what  the  land  itself  produces, 
and  carry  off  occasional  crojjs  of  corn,  the  time  will  ultimately  conie 
when  any  soil  thus  treated  will  cease  to  yield  remunerating  crops.  A 
brief  consideration  of  the  subject  will  satisfy  you  of  this. 

Suppose  a  loose  sajid  to  be  improved  by  repeatedly  sowing  and 
plouglungin  crops  of  spurrj' or  white  liipina,  the  green  leaves  and  stems 
lix  tlie  floating  elements  ol^llie  atmosphere,  and  enrich  flie  soil  with  or- 
ganic matter,  while  the  roots,  more  or  less  deep,  bring  up  saline  matters 
to  the  siir&ce,  and  thu^eupply  to  the  plant  wnat  is  no  less  necessaiy  to 
its  iiealtliy  growth.  But  Uie  rains  yearly  wash  away  from  the  surface, 
and  the  corn  crops  remove,  a  portion  of  this  saliae  matter.  This  portion 
the  crops  grown  for  tiie  purpose  of  green  mantiring  yearly  renew  by 
fresh  BUppTies  from  beneath.  But  no  subsoil  contains  an  inexhauBtible 
store  of  those  saline  substances  which  plants  require.  Hence,  though  by 
skilful  green  mwiuring  waste  land  may  be  brought  to  a  remunerative 
stateoffertility,  it  will  finally  relapse  again  into  a  state  of  nature,  if  no 
other  methods  are  subsequently  adopted  for  maintaining  its  produc  tive- 


The  process  maybe  a  slow  one,  and  practical  men  may  be  u 
Iff  tobelievein  the  possihiUtv  of  a  result  which  does  not  exhibit  it- 
self within  the  currency  of  a  .single  lease,  or  during  a  single  life-time — 


yet  few  things  are  mere  certain  than  that  ingeneral  the  soil  m 
or  later  receive  supplies  of  saline  manure  in, one  form  or  another,  or 
else  must  ultimately  become  unproductive.  It  may  be  considered  as 
a  ptoof  of  this  fact  that,  in  alT  densely  peopled  countries  in  whicii 
agriculture  has  been  siiilliilly  prosecuted,  the  manufacturing  of  such 
manure  haa  become  an  important  branch  of  business,  giving  em- 
ployment to  many  hands,  and  affording  an  investment  to  much  capital. 
The  following  table,  in  addition  to  other  particulars,  esMbitB  the 


,.  dons  of  dry  organic  and  saline  matter,  capable  of  be- 
^■lOjthe  surface  soil  by  a  few  of  tliose  plants  which  are  em- 
j-ibr  tlte  purposes  of  remanuring ; — 


Doplh  of  I  *^^^\ 
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5  5.  Cy  the  practice  of  green  n 

In  tlie  practical  adoption  of  green  manuring  it  is  of  importance  to 
bear  in  mind — 

1°.  That  a  sufficient  quantity  of  seed  must  be  sown  to  iteep  tie 
grovmd  well  covered,  one  of  the  attendant  advantages  of  stubble 
crops  being  that  they  Iteep  the  land  clean  and  prevent  it  from  becom- 
ing a  ^ey  to  weeds. 

2°.  That  the  plante  ought  to  be  mown  or  barrowed,  and  at  once 
ploughed  in  befbre  theij  come  into  fuU  Jiower.  The  flower-leaves 
give  off  nitrogen  into  tbe  air,  and  as  this  element  ia  supposed  especi- 
ally to  promote  the  growth  of  plants,  it  is  desirable  to  retain  as  much 
of  it  in  the  plant  and  soil  aa  poasible.  Another  reason  is  that,  if  al- 
lowed to  ripen,  some  of  the  seed  may  be  shed  and  afterwards  infest 
the  land  with  weeds. 

2°.  That  they  should  be  ploughed  in  to  the  depth  of  3  or  4  inches 

only,  that  they  may  be  covered  sufficientiy  to  prevent  waste,  and  yet  bo 

within  reach,  of  die  air,  and  of  the  early  roots  of  tbe  succeeding  crop. 

5  6.  (y  natural  manuring-  -with  recent  vegetable  matter. 

Brides  the  method  of  ploughing  in,  which  may  be  distinguished  as 
arlijicial  green  manuring, — tnere  is  another  mode  in  which  recent  ve- 
getable matter  is  employed  in  nature  for  the  purpose  of  enriching  the 
Boil.  The  natural  grasses  grow  and  die  upon  a  meadow  or  pasture  field, 
and  though  that  which  is  above  the  surface  may  be  mowed  for  hay,  or 
cropped  by  cattle,  yet  the  roots  remain  and  gradually  add  to  tiie  quantity 
of  vegetable  matter  beneath.  The  same  is  the  case  to  a  greater  or  less 
extent  with  all  the  artificial  com,  grass,  and  leguminous  eropa  we  grow. 
They  all  leave  their  roots  in  the  soil,  and  if  the  quantity  of  organic  mat- 
ter which  these  roots  contain  be  greater  than  (hat  A-hich  the  crop  we  car- 
ry off  has  derived  from  the  soil,  then,  instead  of  eshausting,  the  growth 
of  this  crop"will  actually  enrich  the  soil  in  so  far  as  the  presence  of  or- 
ganic matter  is  concerned.  No  crops^perhaps,  tke  whole  produce  of 
which  ts  carried  f^thefield,le6,ve  a  Biifficient  mass  of  roots  behind  them 
to  effect  this  end,'but  many  plants,  when  in  whole  or  in  part  eaten  upon 
llle  field,  leave  enough  in  the  soil  materially  to  improve  the  condition  of 
the  llind — wliile  in  ail  casea  those  arc  cnnsidered  as  the  least  eshaust- 
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ing,  towhicliarenaturaliyattached  thela.^-   .   .  __ „_. 

the  main  reason  why  poor  lands  are  bo, much  benefitted  bybe^ 
down  to  grass,  aod  why  an  intermediate  crop  of  clover  is  ofleH^aalJfet^ 
cial  lo  the  after-crop  of  coi:n  as  if  the  land  had  lain  in  naked  fallow,  (it, 
the  third  crop  be  ploughed  in,  the  land  is  actually  emichei-Schwertx.) 
.  An  interesting  eeries  of  experiments  on  the  relative  weights  of  the 
roots  and  of  the  green  leaves  and  stems  of  various  grassy,  made  by 
Hlubek,  (Emahraiig  der  Pflanzen,  p.  466,)  throws  considerable  light 
upon  their  relative  efBcaoy  in  enriching  the  soil  by  the  vegetable  mat- 
ter they  diffuse  through  it  in  the  form  of  roots.  The  grasses  were 
grown  in  beds  of  equal  size  (180  square  feet)  in  the  agricultural  gar- 
den at  Laybach,  and  mown  on  the  fourth  year  after  sowing,  just  as 
they  were  coming  into  flower.  The  roots  were  then  carefully  taken 
up,  washed,  and  dried.    The  resulte  were  as  follows : 

Weight  or. 
Proilui^sin     Produce  In  ItooO,  dryRoola 

KindnfQraaa.  ___^- ,      ^— ,    lolOOLbs. 

Graaa.  Hay.  Frfeh.  Dry,  .  of  Hay. 
1.  FistacaElalior— Tall  Feseue-gT-ass.,  I341bs.  36lba,  5611)3.  331bs.  61  lbs. 
3,  Festa<:s.Oima.— Sheep's  Fsscue-graa.    90        30       —         80       266 

3.  PhJeumPiatense— TiBMiSji'^rnsj...     90        35        55         17         GO 

4.  DBCtylis  Gloraerala — Rtnigh  Cecils- 

foot : 303       67        —         32i       33 

5.  tolium    Pereiine — Permmal    Rye- 

grass      50        17       —         50       300 

6.  Alopecurus  Fralensis-Meadov}  Faz- 

taU lOS        35        —         24         70 

7.  Triticum  Repens — (^eemmg   Coack 

or  Q_«.ick£7i^grass 120        60        -_         70       116 

8.  Poa  Annua — Anmuil  MsadtnB  grass.    —        —        —         —        111 

9.  Bfomiis   MoUia  and  Racemosus — 

Safl  and  smooiA  Brame-grass —       —       —         —       105 

10.  Aiilhoiaiithtim   Odovalam—Sweet- 

samfcd  VernalrgTass —        —        —         —         93 

A  mixture  of  white  clover,  of  ribwort,  of  hoary  plantain,  and  of 
couch-ffraes,  in  an  old  pasture  field,  gave  400  lbs.  of  dry  roots  to  100 
lbs.  of  nay — and  in  a  clover  field,  at  the  end  of  the  second  year,  the 
fresh  roots  were  equal  to  one-third  of  the  whole  weight  of  green  clo- 
ver obtained  at  three  cutfiogB — one  in  the  first,  and  two  in  the  second 
year — while  in  the  dry  state  there  were  56  lbs.  of  dry  roots  to  every 
100  lbs.  of  clover  hay  which  had  been  carried  off. 

The  fourth  column  of  the  above  table  shows  how  large  a  quantity  of 
vegetable  matter  some  of  the  grasses  impart  to  the  soil,  and  yet  how  un- 
like the  different  grasses  are  m  this  respect  The  sheep's-fescue  and 
the  perennial  rye-grass — besides  the  dead  roots,  which  detach  them- 
aelves  irom  time  to  lime — leave,  at  tlie  end  of  the  fourth  year,^  weight 
of  living  roots  in  the  soil  which  is  equal  to  three  times  the  produce  of 
that  year  in  hay.  If  tve  take  tlie  mean  of  all  the  above  grasses  as  an 
average  of  what  we  may  fairly  expect  in  a  grass  field — ttiSi  the  omiomU 
of  living  Toots  left  in  tlie  soil  wAcn  afour^ear-oM^iMsfieldis  plough- 
ed up,  vn'll  be  equal  to  one-aia^h  more  than  the  weight  of  that  year's  crop. 

In  an  old  pasture  or  meadow  field  again,  when  ploughed  up,  the 
Umng  roots  left  are  epual  to  four  times  the  weight  of  thai  year's  hay 
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J  (6n  and  a  half  of  hay  have  beea  reaped— then  about  six 
,  iny, vegetable  matter  remain  in  the  eoil  in  the  form  of  roof  b. 

^-the  Mise  of  clover,  at  the  end  of  the  second  year  the  quantity  of 
-ttfy  vegetable  matter  left  in  the  form  of  roots  is  eqtial  to  upwards  of 
one-haff  tlie  weight  of  the  whole  hay  which  the  clover  has  yielded. 
Suppose  there  be  three  cuttings,  yielding  4  tons  of  hay,  then  2  toiis 
of  dry  vegetable  matter  are  added  to  the  soil  in  the  form  of  rools. 
when  the  clover  stubble  is  ploughed  up. 

But  the  quantiw  of  roots,  like  that  of  green  prodnce,  is  dependent 
upon  a  variety  of  circumstances.  It  wiU  sometimes,  therefore^  be 
greater  and  sometimes  less  thaa  is  above  stated.  It  may  be  received 
as  a  rule — not  without  exceptions  perhaps,  yet  still  as  a  general  rule 
— that  whatever  causes  an  increased  produce  above  ground,  will 
cause  a  corresponding  increase  in  (he  growth  of  roots.  Thus  nitrate 
of  Hoda,  which  gives  us  a  larger  yield. of  hay,  makes  the  roots  also 
stronger  and  deeper,  and  the  sward  tougher  and  more  difficult  to 
plou^  (^Appendicc,  No,  III.)  Hence  it  is  that  the'farmer  is  anxious 
that  his  clover  crop  should  succeed,  not  merely  for  the  increased 
amount  of  green  food  or  of  hay  it  will  give  hira,  but  because  it  wiU 
secure  him  also  a  better  after-crop  of  corn. 

This  bumng  of  recent  vegetable  matter  in  the  soil,  in  the  form  of 
hvingtutd  dead  roots  of  plants,  is  one  of  those  important  ameliorating 
operations  of  nature  which  is  always  to  some  extent  going  on,  where- 
ever  vegetation  proceeds.  It  ia  one  by  which  the  practical  man  is 
often  benefitted,  unavrares,  and  of  which— too  often  without  undei- 
slanding  the  source  from  whence  the  advantage  comes— he  syete- 
maticalfy  avails  himself  in  some  of  the  most  skilful  steps  he  takes 
with  a  view  to  the  improvement  of  his  land. 

J  7,  Improvement  of  the  soil  by  laying  down  to  grass. 

One  of  die  most  common  of  these  methods  of  improvement  is  that 

of  laying  down  to  grass.     This  may  be  done  for  two,  three  or  four 

f 'ears  only,  or  for  an  indefinite  period -of  time.  In  the  latter  case,  the 
irid  is  said  to  be  laid  down  permanently,  or  to  permanent  pasture. 

1°.  Temporary  pasture  or  meadow. — If  the  land  be  sown  with 
grass  and  clover-seeds,  only  as  an  alternate  crop  between  two  sow- 
ings of  com,  the  effect  is  fuUy  explained  by  what  has  been  already 
stated  (5  6.)  The  roots  which  are  left  in  me  soil  enrich  the  surface 
with  both  organic  and  inorganic  matter,  and  thus  fit  it  for  bearing  a 
better  afler-crop  of  core. 

If,  again,  it  he  left  to  grass  for  three  or  five  yeara  the  same  eftectis 

Sroduced  more  fully,  and  therefore  this  longer  rest  from  corn  is  better 
tted  for  soils  which  are  poor  in  vegetable  matter.  The  quantity  of 
organic  matter  which  has  accumulated  becomes  greater  every  year,  in 
consequence  of  the  aimual  death  of  stems  and  roote,  and  of  the  soil  being 
more  closely  covered,  but  this  increase  is  probably  never  in  any  one 
after-year  equal  to  that  which  lakes  place  during  the  first  The  quan- 
tity of  roots  which  is  produced  during  the  first  year  of  the  young  plants' 
growth  must,  we  may  reasonably  suppose,  be  greater  loan  can  evei 
afterwards  be  necessary  in  an  eciual  space  of  time.  Hence,  one  good 
year  of  grass  or  clover  will  enricli  the  soil  more  in  p™poHion  |(q  the 


time  expended,  than  a  rest  of  two  or  three  ycara  in  grass,  if  annuaUy 
•mowed. 

Or  if.  instead  of  being  mown,  the  produce  in  each  case  he  eaten  off 
hy  stoclt,  tlie  result  will  be  the  same.  That  which  lies  longest  will  he 
the  richest  when  hrokemip,  but  not  in  an  equal  proportion  to  the  time 
it  has  tain.  The  produce  of  green  parts,  aa  wellas  of  roots,  in  the  ar- 
tificial grasses,  is  gener&llygreatestduringlhefirBtyear  after  they  are 
sown,  and  therefore  the  manuring  derived  from  the  droppings  of  the 
stocl:,  as  well  as  from  the  roots,  will  he  greatest  in  jiroportion  during  the 
first  year.  That  farming,  tlierefore,  ie  most  economical — where  live 
land  will  admit  of  it — which  permits  the  clover  or  grass  seeds  to  occupy 
the  land  for  one  year  only. 

But  if,  after  the  first  year's  hay  is  removed,  the  land  be  pastured  for 
two  or  three  years  more,  it  is  possible  that  each  succeeding  year  may 
enrich  the  surface  soil  as  much  as  llie  roots  and  stubble  of  the  first 
year's  hay  had  done ;  so  that  if  it  lay  three  years  it  might  obtain 
three  times  tlie  araoiint  of  improvement  This  is  owing  to  the  cir- 
cumstance that  the  whole  produce  of  the  field  remains  upon  it,  ex- 
cept what  is  carried  off  by  the  stock  when  removed — but  very  much, 
it  18  obvious,  will  depend  upon  the  nature  of  the  soil,  and  upon  the 
selection  of  the  see<fe  being  such  as  to  secure  a  tolerable  pcoduce  of 
green  food  during  the  second  and  third  years. 

2°.  Permanent  pasture  or  meodoip.— But  when  laud  is  laid  down 
to  permanent  grass  it  undergoes  a  series  of  further  cliangea,  which 
have  frequently  arrested  attention,  and  which,  though  not  difficult  to 
be  understood,  have  often  appeared  mysterious  and  perplexiag  to 
practical  men.    Letus  consider  these  changes, 

a.  When  grass  seeds  are  sown  for  the  purpose  of  forming  a  per- 
manent sward,  ft  rich  crop  of  grass  is  obtained  during  the  first,  and 
perhaps  also  the  second  year,  but  the  produce  after  three  or  four 
years  lessens,  and  the  valuo  of  the  pasture  diminishes.  The  plants 
generally  die  and  leave  blank  spaces,  and  these  again  are  slowly 
filled  up  by  the  sprouting  of  seeds  of  o'Uier  species,  which  have  either 
lain  long  buried  m  the  soil  or  have  been  brought  thither  \tj  the  winds. 
This  first  change,  which  is  almost  universally  observed  in  fi.eidB  of 
artificial  grass,  arises  in  part  ftwm  the  change  which  the  soil  itself  has 
undergone  during  the  few  years  that  have  elapsed  since  the  grass 
seeds  were  sown,  and  in  part  from  the  species  of  grass  selected  not 
being  such  as  the  soil,  at  any  time^  could  permanently  sustain. 

h.  When  this  deterioration,  arising  from  the  dying  out  of  the  sown 
grasses,  has  reached  its  utmost  point,  the  sward  begma  gradually  to 
improve,  natural  grasses  suited  to  the  soil  spring  up  in  the  blank  placM, 
and  from  year  to  year  the  produce  becomes  greater  and  greater,  and 
tlie  land  yields  a  more  valuable  pasture.  Practical  men  often  say 
that  to  this  improvement  tliere  are  no  bounds,  and  that  the  older  the 
pasture  the  more  valuable  it  becomes. 

But  this  is  true  only  within  certain  limits.  It  may  prove  true  for 
tlie  entire  currency  of  a  lease,  or  even  for  the  lifetime  of  a  single  ob- 
server, but  it  is  not  generally  true.  Even  if  pastured  by  stock  only  and 
never  mown,  the  improvement  will  at  length  reach  its  limit  or  highest 
point,  and  from  thistimetlievalueof  the  sward  will  begin  ki  diminish. 
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c.  This,  again,  is  owing'  la  anew  change  which  has  come  over  the 
Boil.  It  haa  become,  in  eome  degree,  esfeusted  of  tliose  substances 
which  are  necessary  to  the  growth  of  the  more  valuable  grasses — 
leBB  nutritive  species,  therefore,  and  such  as  are  less  willingly  eaten 
by  cattle,  take  their  place. 

Such  is  the  almost  universal  process  of  change  which  old  grass  fields 
undergo,  whether  they  be  regularly  mown  or  constantly  pastured  only 
— provided  they  are  left  eptirelyto  tiieraselves.  If  mown  they  begin 
lo  fail  the  sooner,  but  even  when  pastured  they  can  be  kept  in  a  state 
of  full  productiveness  only  by  repeated  top-dressings,  especially  of  sa- 
line manure — that  is,  by  adding  to  die  soil  those  substances  wmch  are 
necessary  to  the  growtli  of  the  valuable  graEsea,  and  of  which  it  suf- 
fers a  yearly  and  unavoidable  loss.  Hence,  the  rich  grass  lands  of 
our  fathers  are  found  now  in  too  many  cases  to  yield  a  herbage  of 
little  value.  Hence,  also,  in  nearly  all  countries,  one  of  the  first  steps 
of  an  improving  agriculture  is  to  plough  out  the  old  and  failing  pas- 
tures, and  either  to  convert  them  permanently  into  arable  fields,  or  after 
a  few  years'  cropping  and  manuring,  again  to  lay  them  down  to  grass. 

Eutwhen  thljs  ploughed  out,  the  suriace  soil  upon  old  grass  land  is 
found  to  have  undergone  a  remarkable  tdteration.  When  sown  witlk 
grass  seeds,  it  may  have  been  a  stiff^  more  or  less  grey,  blue,  or  yellow 
clay — when  ploughed  out  it  is  a  rich,  brown,  generally  hght  and  fria- 
ble vegetable  mould.  Or  when  laid  down  it  may  have  been  a  pale- 
colore^  red,  or  yeUow  sand  or  loam.  In  this  case  the  surface  soil 
is  still,  when  turned  up,  of  arich  brown  colour — it  is  lighter  only  and 
more  sandy  tlian  in  the  former  case,  and  rests  upon  a  Bubsoil  of  sand 
or  loam  instead  of  one  of  clay.  It  is  from  the  production  of  this  change 
that  the  improvement  caused  by  laying  down  to  grass  principally  re- 
sults.   In  what  does  this  change  consiBf?  and  how  is  it  effected? 

If  Ihe  surface  soil  upon  stiff  clay  lands,  which  have  lain  long  in  grass, 
be  chemically  examined,  it  will  be  found  to  be  not  only  much  richer 
in  organic  matter,  but  often  also  poorer  in  alumina  than  the  soil  which 
formed  the  surface  when  the  grass  seeds  were  first  sown  upon  it. 
The  brown  mould  which  forms  on  lighter  lands  will  exhibit  similar 
differences  when  compared  with  the  soil  on  which  it  rests ;  but  the 
proportion  of  alumina  in  the  latter  being  originally  small,  the  diffe- 
rence in  respect  to  this  constituent  will  not  be  so  perceptible. 

The  effect  of  this  change  on  the  surface  soil  is  m  all  cases  to  make 
it  more  rich  in  those  subatanees  which  cultivated  plants  require,  and 
therefore  more  fertile  in  corn.  But  strong  clay  lands  derive  the  fur- 
ther important  benefit  of  being  rendered  more  loose  and  friable,  and 
thus  more  easily  and  more  economically  cultivated. 

The  mode  in  which  this  change  is  brought  about  is  as  follows : — 

1°.  The  roots,  in  penetrating,  open  and  loosen  the  subjacent  stiff  clay. 
Diffusing  themselves  every  where,  they  gradually  raise,  by  increasing 
the  bulk  of,  the  surface  soil.  The  latter  is  thus  converted  into  a  mix- 
ture of  clay  and  decayed  roots,  which  is  of  a  dark  colour,  and  is  necessa- 
rily more  loose  and  friable  than  the  original  or  aubjacentunmixed  clay. 

8",  But  this  admixture  of  roots  effects  the  chemical  composition  as 
well  as  thij  state  of  aggregation  of  the  soil.  The  roots  and  stems  of 
the  grasses  contain  much  morganic — earthy  -xai.  saline — matter  (Lee. 
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IX.,  5  1),  which  is  gathered  from  beneath,  wherever  tlie  roots  pene- 
trate, and  is  by  them  sent  upwards  to  the  surface.  A  ton  of  hay  con- 
tains about  170  lbs.  of  this  inorganic  matter  {Lee.  X.,  93).  Suppose 
the  roots  to  contain  as  much,  and  that  the  total  annual  produce  of 
grass  and  roots  together  amounts  to  four  toiw,  then  about  680  Iba.  of 
saline  and  earthy  matters  are  every  year  worlted  up  by  the  living 
plants,  and  in  a  great  measure  permanently  mixed  witti  the  surface 
soil.  Some  of  this,  no  doubt,  is  carried  off  by  the  cattle  that  feed, 
and  by  the  rains  that  fall,  upon  tJie  land — some  remains  in  the  deeper 
roots,  and  some  is  again,  year  after  year,  employed  in  feeding  the 
new  growth  of  grass — atiil  a  sufficient  quantity  ia  every  season 
brought  up  from  beneath,  gradually  to  enrich  the  surface  with  valua- 
ble inorganic  matter  at  the  expense  of  the  soil  below, 

3°.  Nor  are  mechanical  agencies  wantino;  to  increase  this  natural 
difference  between  the  surface  and  the  unaer  soils.  The  loosening 
and  opening  of  the  clay  lands  by  the  roots  of  the  grasses  allow  the 
rains  more  easy  access.  The  rains  gradually  wash  out  the  fine  par- 
ticles of  clay  that  are  mixed  witii  Uie  roots,  and  carry  them  down- 
wards, as  they  sink  towards  the  subsoil.  Hence  the  brown  mouM,  as 
it  forms,  fa  slowly  robbed  of  a  portion  of  its  alumina,  and  ia  rendered 
more  open,  while  the  under  soil  becomes  even  stiffer  than  before. 
This  sinking  of  the  alumina  is  in  a  great  measure  arrested  when  tlio 
soil  becomes  covered  with  so  thick  a  sward  of  grass  as  to  hreati:  the 
force  of  the  rain-drops  or  of  the  streama  of  water  by  which  the  land 
is  periodically  visited.  Hence  the  soil  of  some  rich  pastures  contains 
as  much  as  10  or  12,  of  others  as  little  as  2  or  3  per  cent  of  alumina. 

4°.  The  winds  also  here  lead  their  aid.  EYom  the  nal;ed  arable 
lands,  when  the  wea,ther  is  dry,  every  blastof  wind  cacrieaoff  a  portion, 
of  the  duBt  This  it  suffers  to  fall  again  as  it  sweeps  along  the  aurllws 
of  the  grass  fields — the  thick  swavd  arresting  the  particles  and  sifting 
the  air  as  it  passes  tlirough  them.  Everywhere,  even  to  remote  dis- 
tricts, and  to  great  elevations,  the  winds  bear  a  constant  soiott  burden 
of  earthy  matter;*  but  lliere  are  few  practical  agriculturists  who,  du- 
ring oiir  high  winds,  have  not  occasionally  seen  the  soil  carried  off  in 
large  quantities  from  their  naked  fields.  TJpon  the  neighbouring  grass 
lands  iJiia  soilfalls  as  a  natural  top-dressing,  by  which  the  texture  of 
the  surfiice  ia  gradually  changed  and  its  chemical  coi^titution  altered. 

5°,  Anotherimportantagencyalsomustnotbe  overlooked.  In  grass 
lands  insects,  and  especially  earth-worms,  abound.  These  ahnoat 
nightly  ascend  to  the  surface,  and  throwout  portions  of  finely-divided 
earthy  matter.  On  a  close  shaven  lawa  the  quantity  thus  qn-ead  over 
the  surface  in  a  single  night  oflen  appears  surprising.    In  the  lapae  of 

; rears  the  accumulation  of  the  soil  from  this  cause  miist,  on  old  pasture 
ields,  be  very  great.  It  has. often  attracted  the  attention  of  practical 
men,t  and  so  striking  has  it  appeared  to  some,  that  they  have  been  in- 

bMp,  iliii  q^snlity  of  ddadhal  la  dollprwd,  when  nremaJ down,  is  in  3  yenrs  equal  [o  one  line, 
ot  In  36  scars  lo  one  incA  m  (WrAniBs.— Sjirsngel,  Lehrc  Bomniinger,  p.  443, 

which  jnoessaptl'  acl  as  a.  ricli  lop  <lTese1iig."~iVi2e  Easayi  of  Ihe  uiiiUunij  Sooielii,  L 
p.  191. 
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clined  to  atiribute  to  the  alow  but  constant  labour  of  these  insects,  the. 
entire  formation  of  the  fertile  surface  soils  over  large  tracts  of  country. 
("  Gieological  Transactions.") 

1  haffe  directed  yojir  attention  to  these  causes  chiefly  in  explana- 
tion of  the  changes  which  by  long  lying  in  grass  the  surface  of  our 
atiff  clay  lands  is  found  to  undergo.  But  they  apply  equally  to  other 
soils  also — the  only  difference  being  that,  in  the  case  of  such  as  are 
already  liffht  and  open,  the  change  of  texture  is  not  so  great,  aad 
therefore  does  not  so  generally  arrest  flie  attention. 

Upon  fhiB  subject  I  may  trouble  you  further  with  two  practical  re- 

1°.  That  the  richest  old  grasslands — those  which  have  remained 
longest  in  a  fertile  condition — afe  generally  \ipon  our  strongest  clay 
soils  (the  Oxford  and  Lias  clays,  Lee.  XI.,  §  8).  This  is  owing  (o 
the  fact  that  such  soile  naturally  contain,  and  by  their  comparative 
impermeability  re-tain,  a  larger  store  of  those  inorganic  substances  on 
which  the  valaable  grasses  live.  When  tlie  aurfece  soil  becomes  de- 
ficient in  any  of  these,  the  roots  descend  further  into  the  subsoil  and 
bring  up  a  fresh  supply.  But  these  grass  lands  are  not  on  this  account 
exempt  from  the  law  above  explained,  in  obedience  to  which  all  pas- 
tured lands,  when  left  to  nature,  must  ultimately  become  exhausted. 
They  must  eventually  become  poorer;  but  in  tneir  case  ^e  deterio- 
ration will  be  slower  and  more  distant,  and  by  judicious  top-dressings 
may  be  stilE  longer  protracted. 

2".  The  natural  changes  which  the  surface  soil  undergoes,  and  es- 
pecially upon  clay  lands  when  laid  down  to  graw,  explain  why  it  is  so 
difficult  to  proctu'e,  by  means  of  artifleal  grasses,  a  sward  equal  to  that 
which  grows  naturally  upon  old  pasture  lands.  As  the  soil  changes 
upon  our  artificial  pastures,  it  becomes  better  fitted  to  nourish  other  spe- 
cies of  grass  than  those  which  we  have  sown.  These  naturally  sprmg 
up,  therefore,  and  cover  the  soil.  But  these  intruders  are  themselves 
not  destined  to  be  permanent  possessors  of  the  land.  The  soil  under- 
goes a  further  change,  and  new  species  again  appear  ux>on  it.  We  can- 
not tell  how  often  different  kinds  of  grass  thus  succeed  each  other  upon 
the  soil,  but  we  know  that  the  final  rich  sward  which  covers  a  grass  field 
when  it  has  reached  its  most  valuable  condition,  is  the  result  of  a  long 
series  of  natural  changes  which  time  only  can  bring  about. 

The  soil  of  an  old  pasture  field,  which  has  been  ploughed  up,  is  made 
to  undergo  an  important  change  both  in  texture  and  in  chemical  con- 
stitution, before  it  is  again  laid  down  to  grass.  The  same  grasses, 
therefore,  which  previously  covered  it  wul  no  longer  flourish,  even 
when  tliey  are  sown.  Hence  the  unwillingness  felt  by  practical  men 
to  plough  up  their  old  pastures — but  hence,  also,  the  benefit  which 
results  from  the  breaking  up  of  such  as  are  old,  worn  out,  or  covered 
with  unwholesome  grasses.  When  again  converted  into  pasture  land, 
new  races  appear,  and  a  more  nourimng  sward  is  produced.* 
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5  8.  Jniproixnteiit  of  the  soU  by  the  planting  of  trees. 

It  has  long  been  observed  by  practical  men,  that  when  poor,  thin, 
unproductive  soils  have  teen  for  some  time  covered  with  wood,  their 
quality  materially  improves.  In  the  intervals  of  the  opeaforett,  they 
will  produce  a  valuable  herbage — 3r  when  cleared  of  treea  they  may 
for  some  time  be  made  to  yield  profitable  crops  of  corn. 

This  fact  has  been  observed  in  almostevery  country  of  Europe,  but 
the  most  precise  observations  upon  tlie  subject  with  which  I  am  ac- 
qutLinted  are  those  whicli  have  been  made  in  the  extensive  plantations 
of  the  late  Duke  of  Athoi.  These  plantations  consist  chiefly  of  white 
lareh  (Larix  Europtea,)  and  grow  upon  a  poor  hilly  soil,  rating  on 
gneiss,  niica-slate,  and  clay-slate  (Lee.  XL,  §  8.)  la  six  or 'seven 
years  the  lower  branches  spread  out,  become  interlaced,  and  com- 
pletely overshadow  the  ground.  Nothing,  therefore,  grows  upon  it 
till  ilie  trees  are  24  years  old,  when  the  spines  of  the  lower  branches 
beginning  to  fall,  the  first  considerable  thinning  tak^  place.  Air  and 
light  being  thus  re-admitted,  grasses  (chiefly  ftoicu*  mollis  aad  lanar- 
ti/.s)  spring  up,  and  a  fine  swaS  is  gradually  produced.  The  ground, 
which  previously  was  worth  only  9d.  or  Is.  per  acre  as  a  sheep  pas- 
ture, at  the  end  of  30  years  becomes  worth  from.  7s.  to  10s.  per  acre. 

The  soil  on  this  part  of  the  Duke's  estate  is  especially  propitious  to 
the  larch — aad,  therefore,  this  tree  both  thrives  best  and  m  the  great- 
cat  degree  improves  the  soil.  Thus  in  oak  copses,  cut  every  24  years, 
the  soil  becomes  worth  only  5a.  or  6s.  per  acre,  and  this  during  the  last 
six  years  only.  Under  an  ash  plantation,  the  improvement  amounts 
to  2s.  or  3s.  per  acre ;  under  Scotch  fir,  it  does  not  exceed  6d.  an  acre 
■ — while  under  spruce  and  beech  the  land  is  worth  less  than  before. 
(Mr.  Stephens,  in  the  Transactiom  of  tlie  Highland  Society,  xi.,  p. 
139 ;  also  Loudon's  Emyylopcedia  of  Agriculture,  p.  1346.) 

The  main  cause  of  this  improvement,  as  of  that  which  is  [woduced 
by  laying  down  to  grass,  is  to  be  found  in  the  natural  manuring  with 
recent  vegetable  matter,  to  which  the  sod  year  by  year  is  so  long 
subjected.  Trees  diSer  from  passes  only  in  this,  that  while  the  lat- 
ter enrich  the  soil  both  by  their  roots  and  by  their  leaves,  the  former 
manure  its  surface  only  by  the  leaves  which  they  shed. 

The  leaves  of  trees,  like  those  of  grasses,  contain  much  inorganic  mat- 
ter, and  this  when  annually  spreadupon  the  ground  slowly  adds  to  the 
depth  as  well  as  to  the  richness  of  the  soil.  Thui  th^  leaves  of  the  fol- 
lowing trees,  when  dried  la  the  air,  contain  respectively  of  inorganic 
matter  ((Sprengcl,  Chemiefwr  Landwirthe,  ii,,  passim)  :— 

ApriL  August  November. 

Oak —  5  percent  4J  per  cent. 

Ash —  6i        "  —        « 

Beech —  7           "  6}         " 

Birch —  5          "  —         " 

Elm    —  Hi         "  —         " 

Waiow ~  8i         "  —         " 

White  Larch 6  J.  per  cent,  —         "  — .        " 

ScotehFir —  1(         "  —         " 

In  looking  at  the  diflerenees  among  these  numbers — especially  in 
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the  case  of  the  elm  and  of  the  Scotch  iir — one  would  naturally  sup- 
pose that  tlie  diversity  of  their  eSecIs  in  improving  the  land  ia  in  some 
measure  to  be  ascribed  to  the  quantity  and  kind  of  the  inorganic  mat- 
ter which  the  leaves  of  these  several  trees  contain.  And  to  this 
cause,  no  doubt,  some  effect  is  to  be  ascribed  in  localities  leliere  all 
the  trees  thrive  equally. 

But  upon  the  quantity  of  leaves  produced,  as  much  in  general  wiQ 
depend,  aa  upon  the  relative  proportioca  of  organic  and  inorganic 
matter  which  these  leaves  may  respectively  contain.  And  as  the 
quantity  of  leaves  is  always  greatest  where  the  tree  flourishes  beat  or 
finds  a  most  propitious  soil — the  improvement  of  the  soil  itself,  by 
any  particular  tree,  will  be  always  in  a  great  measure  determined  by 
its  fitness  to  pronoote  the  growth  of  that  kind  of  tree. 

On  the  soil  planted  by  ftio  Duke  of  Athol,  the  larch  shot  up  luxu- 
riantly, while  the  Scotcn  fir  lingered  and  languished  in  its  growth. 
Thus  the  quantity  of  leaves  produced  and  annually  shed  by  the 
former  was  vastly  greater  than  by  the  latter  tree.  Had  the  Scotch 
fir  thriven  better  ^an  the  larch,  the  reverse  might  have  been  the 
case,  and  the  value  of  the  soil  might  have  been  increaeed  in  a  great- 
er proportion  by  planlatjons  of  the  former  tree. 

Other  special  circumstances  also  wlil  account  for  the  relative  de- 
grees of  improvement  produced  by  the  larch  and  by.  some  of  the 
other  trees— for  example,  tlie  oak.  In  llie  oak  copse  tlie  soil  in  16 
years  become  worth  6b.  or  Sa.  an  acre.  li^  therefore,  instead  of  being 
cut  down  for  their  bark  at  tlie  end  of  24  years,  the  trees  had  been  al- 
lowed to  grow  up  into  an  oak  forest,  the  pemmnent  improvement  of 
the  pasture,  even  on  this  soil,  would  probably  have  been  at  least  as 
great  as  under  the  larch.  The  above  expermients,  therefore,  are  in 
reality  not  so  decisive  in  regard  to  the  relative  improving  power  of 
the.  several  species  of  trees  as  they  at  first  eight  appear.  The  most 
rational  natural  rule  by  which  our  practice  should  Be  guided  seems 
to  be  contained  In  these  three  propositions — 

1°.  That  the  soil  will  be  most  improved  by  those  trees  which,  thrive 
best  upon  it. 

2".  Among  those  which  thrive  equally,  by  such  an  juld  the 
afgest  produce  of  leaves,  and — 

3°.  Among  such  asyieldanequal  weight  of  leaves,  by  those  whose 
leaves  contain  the  largest  proportion  of  inorganic  matter — which 
bring  up  from  beneath,  ^at  ia,  aiid  spread  over  the  surface  in  largeoL 
quantity,  the  materials  of  a  fertile  soil. 

The  mode  in  which  the  lower  branches  of  the  larch  spread  out  and 
overshadow  the  surface  is  not  without  its  influence  upon  the  ultimate 
improvement  which  tlie  soil  exhibits.  AE  vegetation  being  pi  evented 
the  land,  besides  receiving  a  yearly  manure  of  vegetable  mould  m 
made  to  lie  for  upwards  of  20  years  in  uninterrupted  naked  fallow. 
It  is  sheltered  also  from  the  beating  of  the  rain  drops,  which  descena 
slowly  and  gently  upon  it,  bearing  principles  of  fertility  instead  of 
washmg  out  tlie  valuable  saline  sirtistances  it  may  contain. 

Beneadi  the  overshadowing  branches.of  a  forest,  the  soil  is  also  pro- 
tected from  tiie  wind,  and  to  mis  protection  Sprengel  attributes  much 
of  that  rapid  iraproveroeiit  so  generally  experienced  where  lands  are 
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covered  with  wood.  ThD  winds  boar  along  paiticlea  of  earthy  mat- 
ter (see  note,  p,  427,)  which  they  deposit  again  in  the  still  foresta ;  and 
thua  gradually  form  a  soil  evea  on  ine  most  naked  places.  This  slow 
general  cause  of  accumulation  may  not  be  without  ila  effect,  and 
should  not  be  forgotten,  but  it  evidently  affords  no  eJiplanation  why, 
m  the  same  range  of  country,  the  soil  which  is  covered  by  forests  of 
one  kind  should  improve  more  rapidly  than  those  which  are  shelterea 
by  trees  of  another  species. 


5  9.  Of  the  use  of  st 

Among  green  manures  of  great  value  and  ext^ensive  application 
there  remains  to  be  noticed  the  sea-weed  or  eea-ware  of  our  coasts. 
The  marine  plants  of  which  it  consists  differ  from  the  green  vege- 
tables grovm  upon  land, — 

1°.  By  the  greater,  rapidity  with  which  they  undergo  decay.  When 
laid  as  top-dressings  upon  tiie  land  they  melt  down,  as  it  were,  and  io 
a  short  time  almost  entirely  disappear.  Mixed  with  soil  into  a  com- 
post or  with  quick-lime,  they  speedily  crumble  down  into  a  black  earth, 
in  which  Uttle  or  no  trace  of  me  plant  can  be  perceived. 

2".  By  the  greater  proportion  of  saline  or  other  inorganic  matter 
which  these  plants,  in  their  dry  state,  contain.  It  is  these  substances 
which  are  obtained  in  the  form  of  kelp  when  dry  sea-weeds  are  burn- 

We  have  seen  (Lee.  i.,  §  3,)  that  the  quantity  of  ash  left  by  lOW 
lbs.  of  our  more  usually  cultivated  grasses,  in  the  dry  state,  varies 
from  5  to  neariy  10  per  cent.,  but  Mie  fucus  vesictdosus,  which  is 
reckoned  the  most  valuable  for  the  manufacture  of  kelp,  gives  up- 
wards of  160  lbs.  of  ash  from  100  lbs.  of  the  dry  plant  Thia  aah, 
according  to  FagerstrSm,  consists  of— 

63-4  lbs. 

e  of  Lime 34'1  " 

Iodide  of  Sodium 3'7  " 

Other  Salts  of  Soda 39'9  " 

Sihca,  Oxide  of  Iron,  and  earthy  Phosphafea.31-1  " 

161'2* 
This  ash  contains  less  potash,  but  more  soda  and  gypsum,  than 
tliose  of  the  grasses,  (Lee.  X.,  §  3,)  and  hence,  as  you  will  readily 

ihal  nf  Itie  s^ver^l  variellesDfiteto.glveu  in  pagt  3Se,  i[  will  be  seen  Io  differ  frcni  them 
tcry  cnnsideraiii;.  But  kelp  is  always  msnuracfared  tram  s  mLcLure  of  dlS^rent  pIsnUI 
iLi  vaiylne  propoitiona,  End  hence  one  cause  of  Ihe  diierall)'  of  compaslUan  among  {UfTec- 

!^ pre ngei  slates  (Lehre  vifm  Diinff£r,  p,  277,)  that  \hs  Jucus  vesia^i&sua  contains  only  16 

reniarlubie minnar in nhlcli Beawssd amvsla np nlian  diied,  and witli  Its lluie panoi- 
nenea  us  a  inuiiirs.  "  If  bo  bots  at  load  ts  cmnpielslr  eorered  wllh  It,  atf er  b  few  dari 
of  iiy  weMb^r,  tbe  vliala  wotiM  not  weigh  £00  Ibe.  Ttie  Gbroua  nuts  redussd  la  mera 
IhreadB  alone  remaiD— *□  that  aitWa  miaming  Imj  u(U  ai6atliif'  (Dr,  WBltei,)  This 
would  eeBm  to  Itopir  the  presence  of  a  larger  qoantilj  oftNIerin  rtveh  inwaed  Ihuiin 
green  grass,  and  coaseqoently  a  less  efficacy  u  a  mannre  when  applied  la  eqoBl  neighlB. 
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understand,  may  be  expected  to  exercise  a  somewhat  different  influ- 
ence upon  vegetatioa 

II  is  of  importance,  however,  to  bear  in  mind  that  the  saline  and 
other  inorganic  matters  which  are  contained  in  tlie  sea-weed  we  lay 
upon  our  felda,  form  a  positive  addition  to  the  land.  If  we  plough  in  a 
green  crop  where  it  grew,  we  restore  to  the  soil  the  same  saline  matter 
only  which  the  plants  have  already  taltea  from  it  during  their  growth, 
while  the  addition  of  sea-weed  imparts  to  it  an  entirely  oew  supply.  It 
brings  ha.cit  from  the  sea  a_portion  of  that  which  the  rivers  are  con- 
stantly carrying  into  it,  and  IS  thus  valuaWeinrestoring.insome  mea- 
sure, what  rains  and  crops  are  constantly  removing  trom  the  land. 

Sea-weed  is  collected  along  most  of  our  rocky  coasts — and  is 
seldom  neglected  by  iJie  farmers  on  the  borders  of  the  sea.  In  the  Isle 
of  Thanet,  it  ie  sometimes  cast  ashore  by  one  tide  and  carried  off  by 
the  next ; — so  that  after  a  storm  the  teams  of  flie  farmers  maybe  seen 
at  work  even  during  the  night  in  collecting  the  weed,  and  carrying  it 
beyond  tlie  reach  of  the  sea  (British  Husbandry,  II.,  p.  418.)  In  Uint 
Jocality,  it  ie  said  to  have  doubled  or  tripled  the  produce  of  the  land. 
On  the  Lothian  coasts,  a  right  of  way  to  the  sea  for  the  collection  of 
aea-ware  increases  the  value  of  the  land  from  35s,  to  303.  an  acre 
(Kerr's  Berwickshire,  p.  377.)  In  Uie  Western  Isles  it  is  extensively 
collected  and  employed  as  a  manure — ("  sea-weeds  constitute  one- 
half  of  Hebridean  manures,  and  nine-lentLs  of  those  of  the  remoter 
Islands,"  Macdonald's  Agriculture  of  the  Hebrides,  p,  401,) — and 
on  the  north-east  coast  of  Ireland,  the  farmiag  fishermen  go  out  in 
their  boats  and  hook  it  up  from  considerable  depths  in  the  sea  (Mrs. 
Hall's  Ireland.) 

.It  is  apjilied  either  immediately  as  a  top-dressing,  especially  to  grass 
lands — or  it  is  previously  made  mto  a  compost  with  earth,  with  lime, 
or  with  shell-sand.  Thus  mixed  with  lime,  it  has  been  used  with  ad- 
vantage as  a  top-dressing  for  the  voung  wheat  crop,  (British  Hus- 
bandry, II.,  p.  419;)  and  with  shell-sandpit  is  the  general  manure  for 
the  potatoe  crop  among  the  Western  Islanders  (Transactions  of  the 
Highland  Society,  1842-3,  p.  766.)  It  may  also  be  mixed  with  fann- 
yard  manure  or  even  with,  peat  moss,  both  of  which  it  brings  into  a 
more  rapid  fermentation.  In  some  of  the  Western  fales,  and  in  Jer- 
sey, it  is  burned  to  a  Ught,  more  or  less  coaly  powder,  and  in  tliis 
form  is  applied  successfully  as  a  top-dressing  to  various  crops.  There 
is  no  reason  to  doubt  that  the  most  economical  method  is  to  make  it 
into  a  compost  with  absorbent  earth  and  lime,  or  to  plough  it  in  at 
once  in  the  fresh  state. 

In  the  Western  Islands  one  cart  load  of  farm-yard  manure  is  con- 
sidered equal  in  immediate  effect — upon  the  first  crop,  that  is — to  2J 
of  fresh  sea-weed,  or  to  1\  after  it  has  stood  two  months  in  a  heap. 
The  sea-weed,  however,  rarely  exhibits  any  considerable  action  upon 
tbe  second  crop. 

Sea-weed  is  said  to  be  less  suited  to  clay  soils,  while  barren  sand 
has  been  brought  into  the  state  of  a  fine  loam-  by  the  constant  appli- 
cation of  sea-weed  alone,  for  a  long  series  of  years  (Macdonald's 
Hebrides,  p.  407.) 

Conflicting  opinions  are  given  by  diffei'ent  practical  men  ui  regard 
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to  tlie  crops  to  which  it  is  best  suited.  But  the  explanatioo  of  most 
of  tliese  aiid  eunilar  discordances  is  to  he  found  in  the  answers  to  the 
three  following  qnestioae — what  subatances  does  the  crop  specially 
require  ? — liow  many  of  these  abound  in  the  soil  ? — can  the  manure  we 
are  about  to  use  supplyall  or  any  of  the  remainder  1  If  it  can,  it  may  bo 
expected  to  do  good.  Thus  simply  and  closely  are  the  kind  of  crop,  the 
kind  of  soil,  and  the  kind  of  manure,  ia  most  cases,  connected  together. 

5  10.  Of  manuring  teitk  dry  vegetable  substances. 

The  main  general  difference  between  vegetable  matter  of  the  same 
Jcindj  andcut  at  the  saTrie age,  whea  applied  aa  a  manure  in  the  green 
and  m  (he  dry  stale,  consists  in  this — that  in  tlte  former  it  decomposes 
more  rapidly,  ^id,  therefore,  acts  more  speedily.  The  io(nJ  effect  upon 
vegetation  will  probably  in  either  case  be  very  nearly  the  same. 

But. if  ^e  dry  vegetaole  matter  have  been  cut  at  a  more  advanced 
age  of  the  plant  or  iStve  been  exposed  to  the  vicissitudes  of  the  weather 
while  drying,  it  will  no  longer  exhibit  an  equal  efficacy.  A  ton  of  dry 
straw,  vihan  tiwip'e,  viilt  manure  m^re  richly  than  a  ton  of  the  same 
straw  in  its  ripe  stale — not  only  because  the  sap  of  the  green  plant 
contains  the  materials  from  which  tlie  subst^ice  of  the  grain  is  after- 
wards formed — but,  because,  as  the  plant  ripens,  the  stem  restores  to  the' 
soil  a  portion  of  the  saline,  especially  Of  the  alkaline,  matter  it  previous- 
ly contained  (Lee.  X.,  §  5.)  After  it  is  cut,  also,  every  shower  of  rain 
that  falls  upon  the  sheaves  of  corn  or  upon  the  new  hay,  washes  out 
some  of  the  saline  substances  which  are  lodged  in  its  pores,  and  tlius 
diminishes  its  value  as  a  fertilizer  of  the  land.  Tliese  facta  place  in 
a  still  stronger  light  tlie  advantages  which  necessarily  follow  from 
the  use  of  vegetable  matter  in  the  recent  state,  for  manuring  the  soil. 

I".  Brj/  straiB. — It  is  in  the  form  of  straw  that  dry  vegetable  mat^ 
ter  ia  most  abundantly  employed  as  a  manure.  It  is  onlj',  however, 
when  already  in  the  ground  in  the  state  of  stubble,  that  it  is  usually 
ploughed  in  witliout  some  previous  preparatign.  When  buried  in  the 
soil  in  the  dry  state,  it  decomposes  slowly,  and  produces  a  less  sensi- 
ble effect  upon  the  succeeding  crop ;  it  ie  usually  fermented,  there- 
fore, more  or  lees  completely,  oy  an  admixture  of  animal  manure  in 
the  farm-yard  before  it  is  laid  upon  the  land.  During  this  fermenta- 
tion a  certain  unavoidable  loss  of  organic,  and  generaUy  a  large  loss  ot 
saline  matter,  also  talies  place  (see  in  the  succeeding  lecture  the  sec- 
tion upon  mixed  animal  and  vegetable  munures.')  It  is,  therefore,  the- 
oretically true  of  dry,  as  it  is  of  green,  vegetable  matter,  that  it  will  add 
moat  to  the  soil,  if  it  be  ploughed  in  without  any'previous  preparation. 

Yet  this  isnot  the  only  consideration  by  which  the  prachoai  man 
must  be  guided.  Instead  of  a  slow  and  prolonged  action  upon  his 
crops,  he  may  require  an  immediate  and  more  powerful  action  for  a 
shorter  time,  and  to  obtain  this  he  may  be  justified  in  fermentmg  his 
straw  with  tiie  certainty  even  of  an  unavoidable  loss.  Thus  the  dis- 
puted use  of  short  and  long  dung  becomes  altogether  a  question  of 
expediency  or  of  practical  economy.  But  to  this  point  I  snail  again 
recur  when  treating  of  farm-yard,  manure  in  the  succeeding  lecture. 

3°.  CAq^  partakes  of  the  nature  of  straw,  but  it  decomposes  more 
slowly  when  buried  in  the  soil  in  the  dry  state.     It  ja  also  dlflicult  to 


bring  into  a  state  of  fermentation,  even  when  mixed  with,  the  liquid 
manure  of  the  farm-yard. 

3".  ilape-dtist. — When  rape  seed  is  exhausted  of  ita  oil,  it  cornea 
from  the  press  in  Uie  form  of  hai'd  (rape)  cakes,  wliich,  when  cruahed 
to  powder,  form  the  rape-dust  of  late  years  so  extensively  employed  aa 
a  manure.  It  ia  occasionally  mixed  with  ferm-yard  dung,  and  appUed 
to  the  turnip  crop,  but  its  principal  emplo}Tnent  haa  hitherto  been,  I 
believe,  ae  a  lop-dreaeing  tor  the  wheat  crop,  either  hafrowed  in  with 
the  seed  in  October,  or  applied  to  the  young  corn  in  spring. 

Rape-dust  requires  moisture  to  bring  out  its  iullfertiUzing  virtues ; 
hence  it  is  chiefly  adapted  to  clay  soils  or  to  such  aa  rest  upon  a  etiiT 
subsoil  It  is  seldom  applied,  therefore,  to  the  barley  crop,  and  even 
upon  wheat  it  will  fail  to  ptoduce  any  decidedly  good  effect  in  g,  very 
dry  season.  Several  interesting  circumstances  have  been  experi- 
mentally ascertained  in  regard  to  tlie  action  of  rape-dust,  to  wliich  it 
ia  proper  to  advert  :— 

a.  That  in  very  dry  seasons  it  may  produce  little  benefit  upon  tur- 
nips, potatoes,  and  otiier  crops,  ivhile  in  the  same  circumstances  the 
effect  of  guano  may  be  strikingly  beneficial.  Thus  in  one  experi- 
ment, made  in  1842,  upon  unmanured  land  sown  with  turnips — 

16  cwt  of  rape-dust  gave  3|  tons  of  bulbs  per  acre. 

2  cwt  of  guano  gave       5  do. 
Unmanured  gave               3i             do. 

And  in  another,  in  the  same  season,  upon  unmanured  land — 
1  ton  of  rape-dust  gave  Hi  tons  of  bnlbs  per  acre. 

3  cwt  of  guano  gave     23i  do, 
Unmanured  gave             12J*                 do. 

Again,  upon  potatoes,  planted  without  other  manure,  in  three  ex- 
periments the  produce  per  acre,  in  tons,  was  as  follows: — 

Unmanured.  1  i<hi Raj!«-du^.  3o»l.Giiano,  ^cwtOuuio. 

Whit«  Don  Potatoes —  12*  I8j  — 

Red  Don  Potatoes 6}  10  —  14i 

Connaught  Cups 5i  13  —  13i 

In  none  of  the  above  experiments  did  the  action  of  the  large  quan- 
tity of  rape-dust  equal  that  of  the  comparatively  small  quantity  of 
guano — thougli,  from  being  buried  in  the  soil,  the  difference  was  less 
striking  in  the  case  of  tlie  potatoe  crops. 

b.  Rape-dust  may  actually  cause  the  crop  to  be  leas  tlian  the  land 
alone  would  naturally  produce— if  in  a  dry  season  it  be  laid  on  in 

nsiderable  quantity. 

s  in  1842,  in  an  experiment  upon  Oa(s,  made  at  Lennox  Love — 
16  cwt.  of  rape-dust  gave  45  bushels. 
2  cwt.  of  guano  gave       68     do. 
Unmanured  soil  gave        49    do. 
In  this  property  of  mjuring  the  crop,  when  rain  doea  not  Jiappen  to 
fall,  rape-dust  resembles  very  much  thoae  saline  substances  which,  aa 
we  have  seen,  may  often  be  applied  with  much  advantage  to  Uielafid.. 

c.  Yet  it  would  appear  to  exercise  leas  of  this  evil  influence  upon 
wheat  and  beans,  and    n  similar  ciroumslancca.    Thus  in  the  same 


"&» 


!e  Appeiifli^, 


..Ckxi^lc 


3T   NOT    BE    TOO    GREAT.  435 

Heasoii,  1842,  and  ia  the  same  locality,  Lernios  Love,  a  crop  of  wheat, 

16  cwt.  of  rape-dust  gave  51  bushels  per  acre. 
2  cwt.  of  guano  gave       43  do. 

Unmanured  gave  47^  do. 

And  a  crop  of  beana,  with— 

16  cwt.  of  rape-dust  gave  33   bushels. 
3  cwL  of  guano  gave       35j      do, 
Unmanured  gave  30         do. 

In  both  of  these  cases,  notwithstanding  the  droughi,  llie  rape-dust 
improved  the  crop,  and  though  not  sufficiently  so  to  pay  the  cost  of  the 
application,  yet  to  a  greater  extent  than  the  same  quantity  of  guano. 
It  !s  deserving  of  investigation,  therefore,  whether  rape-dust  be  more 
especially  adapted  to  wheat  and  beans.  Even  in  favorable  seasons 
it  may  poasihly  prove  move  economical  than  guano  as  a  manure  for 
th^e  two  crops  (see  Appendix,  No.  VIII.) 

d.  But  even  in  favorable  eeasons,  and  to  the  wheat  crop,  there  ia 
reason  to  believe  that  rape-dust  cannot  be  economically  applied  in  more 
than  a  certain,  perbapa  variable,  quantity  per  acre.  Thus  four  equal 
plola  of  ground  (nearly  lialf  aa  acre  each,)  sown  with  wheatj  were  lop- 
dreseedwith  rape-dust  in  differe  nt  proporlions  with  the  folio  wmg  results; 

With    7  cwt.  the  produce  was  36  busliels  of  market  corn. 

With  10  cwt.  the  produce  was  38  do. 

With  15  cwt.  the  produce  was  29i  do. 

With  26  cwt.  ttie  produce  was  27i  do. 

Unmanured  the  produce  was     22i*  do. 

In  this  eicperiraent  not  only  was  the  crop  diminished  when  more 
than  15  cwt  was  added,  but  the  mcreased  produce  inaa  not  sriffictenl 
to  defray  the  additional  cost  of  the  application,  ichen  more  than  7 
cwt.  ^rape-diist  teas  put  on. 

e.  It  may  be  noticed  as  another  curious  fact,  tiiat  the  action  of 
T'ape-dnet  is  dependent  upon  the  presence  or  absence  of  certain  otlier 
substances  in  the  soil.  Common  salt  and  sulphate  of  soda,  when 
mixed  with  it  under  certain  circumstances,  lessen  flie  efieet  which  it 
would  produce  alone,  and  the  same  will  probably  happen  when  it  is 
applied,  without  admixture,  to  soils  in  which  these  saline  compounds 
happen  to  be  already  present.  Some  remarks  upon  this  interesting 
point  will  be  found  in  the  Appendix,  No.  VIII. 

4°.  lAnineed,  poppy-sKed,  cotton-seed,  and  cocoa-niit  cakes. — The 
cake  (rtiich  is  left  when  otiier  oils  are  extracted  from  the  seeds  or  fruils 
in  which  they  exist  is,  also,  in  almost  every  case,  useful  as  a  manure. 
Thus  the  seeds  of  the  cotton  plant  yield  an  oil  and  leave  a  cake  which  is 
now  used  as  a  mamire  in  the  United  States,  though  little  known  as  yet,  I 
believe,  in  England.  The  cocoa-nut c^e  is  employed  in  Southern  In- 
dia partly  in  feeding  cattle  and  partly  as  a  manure  for  the  cocoa-nut  tree 
itself.  Some  trials  have  recently  been  made  wilh  it  hmong  ourselves, 
but  I  am  ignorant  of  the  precise  results.  In  this  country  lintseed  cake 
is  made  in  Targe  quantify,  but  as  it  is  relished  by  cattle,  is  fattening,  and 
enriches  the  droppings  of  the  stock  fed  upon  it,  it  is  seldom  applied  di- 
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rectly  to  the  land.  In  FrEinoe  and  some  parts  of  Belgium,  where  the 
poppy  is  largely  cultivated  for  the  oil  yielded  by  ils  seeds,  the  calce 
wiueh  these  seeds  leave  is  highly  esteemed  as  a  manure. 

5°.  Mali-diist. — When  barley  is  made  to  sprout  by  the  raaleter,  arid 
is  afterwards  dried,  the  small  shoots  and  rootlets  drop  off,  and  form 
Ihesubstance  known  by  the  name  of  ma!t-duat.  One  hundred  bushels 
of  barley  yield-4  or  5  bushels  of  this  dust  It  is  sold  at  Ihe  rate  of 
from  53.  to  8e.  a  quarter,  and  has'been  applied  with  success  as  a  top- 
dressing  to  the  barley  and  wheat  crops.  -It  may  also  be  drilled  in 
witi  turnips  or  dusted  over  tlie  yovmg  grass  in  spring. 

6°.  S(W-rfMBi  is  usually  rejected  by  the  agrioulturistj  in  coneeqiiencc 
of  tlie  difficulty  which  is  generally  esperienoed  in  bringing  it  into  a  state 
of  fermentation.  It  decomposes  slowly  when  ploughed  mlo  the  soil  in 
its  dry  state,  but  it  nevertheless  gradually  benefits.Sielaad,  and  should 
not,  therefore,  be  permitted  in  any  case  to  run  to  waste.  It  forms  an 
excellent  absorljent  also  for  liquid  manures  of  any  kind,  which  it  pre- 
servfis  from  sinking  too  rapidly  when  they  are  to  be  applied  to  porous, 
sandy,  or  Chalky  sods,  while  these  liquids  a^ain  hasten  the  decomposi- 
tion of  the  saw-duat  and  augment' its  inimediate  effect  upon  tlieland.  lii 
localitiw  favorable  for  the  collection  of  sea-weed,  it  may  also  be  more 
rapidly  fermented  by.  an  admixture  with  lijis  substajice.  Saw-dusf 
forms  an  ingredient  in  some  of  the  mixed  manures  which  have  re- 
cently come  into  use  (see  Appendix,  No.  VIII.,  Esp.  B.) 

7°.  Dry  leaves  may  either  be  dug, into  the  land  at  once,  or  maybe 
laid  up  in  heaps^  when  they  will  gt^ually  decay,  and  form,  in  most 
cases,  an  enriching  manure.  They  gradually  improve  the  soil  (as 
we  have  already  seen,  p.  429,)  on  which  they  annually  fall,  but  the 
same  qviantity  of  leaves  will  do  more  good  if  collected  and  immedi- 
ately dug  in,  or  if  made  into  a  compost  heap,  than  if  left  1*  undergo 
a  alow  naturfil  decay  on  the  surface  of  the  land. 

5  12.  Of  Ike  iMe  of  decayed  vegetable  matter  a. 


1°.  Peat. — To  soils  which  are  deficient  in  vegetable  matter,  it  ia 
clear  that  a  judicious  admixture  of  peat  must  prove  advantageous,  be- 
cause it  will  supply  some  at  least  of^those  substances  which  are  neces- 
sary to  the  production  of  a  higher  degree  of  fertility.  But  peat  decays 
very  slowly  in  the  air,  and  hence  its  a/ppcerent  effect  when  mixed  with 
the  soil  is  very  small  It  may  gradually  ameliorate  its  quality,  espe- 
ciallyifthe  soil  be  calcfireous,  but  it  will  not  immediately  prepare  the 
kind  for  the  growtli  of  any  jirticular  crop.  But  if  the  obstacles  to 
its  further  decomposition  be  removed — that  ia.  If  by  artificial  means 
its  decay  be  promoted — then  its'  immediate  and  apparent  effect  upon 
the  soil  is  increased,  and  it  becomes  an  acknowledged  fertilizing  ma- 
nure. Different  methods  have  been  successftilly  practised  for  bring- 
ing, it  into  this  more  rapid  state  of  decay  or  fermentation. 
.  a.  The  half-dried  peat  may  be  mixed  with  from  one-fourth  to  one- 
half  of  its  weight  offermentmg  farm-yard  manure— the  whde  heap 
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being  carefully  covered  over  with  a  layer  of  peat  to  prevent  tlie  es- 
cape of  fertilizing  vapbrs.  By  this  method — flrat  introduced  to. pub- 
lic notice  by  the  Tate  Lord  Meadowbank— the  entire  mixture  is  gra- 
dually brought  into  an  equable  state  of  heat  and  fermentation,  and 
as  a  manure  for  the  turnip  crop,  is  said  to  be  ae  efficacious  as  an 
equal  weight  of  unmixed  fann-yard  manure. 

b.  Or  the  liquid  manure  of  the  mra-yard  may  be  employed  for  the 
same  purpose,  either  in  whole  or  in  part  If  the  heap  of  mixed  peat 
and  dung  be  watered  occasionally  with  the  liquid  manure,  the  fer- 
mentation .will  be  more  speedily  effected,  and  at  a  less  expense  of 
common  fanh-ya-d  dung.  Or  tlie  half-dried  jwat  may  toe  used  un- 
mised,  as  an  absorbeDt  for  the  liquid  of  the  farm-yard,  by  which, 
without  other  aid,  it  will  be  brought  into  a  state  of  fermentation  with 
comparative  rapidity. 

c.  Or  instead  of  the  liquid  manure,  the  ammoniaca!  liquor  of  the 

fas-works  may  be  employed,,  with  less  prominent  benefit  certaitily, 
ut  still  with  great  advantage. 

d.  Or  the  peat  may  be  mixed  with  from  one-sixth  to  one-fourth  of  its 
bulk  of  fresh  sea-weed,  the  rapid  decay  of  which  will  gradually  reduce 
the  entire  heap  into  a  fertilizing  mass  (British  Husbandry,  IL,  p.  417.) 

e.  Or  rape-dust  in  tiie  proportion  oi^  1  ton  to  30  cubic  yards  may 
be  mixed  with  the  half-dried  peat  from  two  to  six  weeks  before  the 
time  of  sowing  the  turnip  crop.  The  fermentation  of  the  rape-dust 
takes  place  so  quickly,  that  this  short  time  is  usually  sufficient  to  con- 
vert the  whole  mto  a  uniform  and  rapidly  decaying  mass. 

In  short,  it  is  only  necessary  to  mix  half-dried  peat  with  any  sub- 
stance which  undergoes  rapid  spontaneous  decomposition — when  it 
will  more  or  less -speedily  become  infected  with  the.sarae  tendency  to 
decay,  and  will  thus  be  renderedcapableof  ministering  to  the  growth 
of  cultivated  plants. 

2°.  TariTier's  bark  is  still  more  difficult  to  reduce  or  to  bring  into  a 
rapid  state  of  decomposition.  Any  of  the  methods  above  recommended 
for  peat,  however,  will  to  a. certain  extent  succeed  also  with  the  spent 
bark  of  the  tan  pits.  But  in  thecaaeofsubstancM.so  solid  and  refrac- 
tory as  the  lumps  of -bark  are,  the  admixture  of  a  quantity  of  lime  and 
earth,  so  as  to  form  a  compost  heap,  is  perhaps  the  most  advisable 
mode  of  procedure.  The  way  in  which  lime  promotes  the  decay  of 
woody  fibre  in  such  Heaps  has  already  been  explained  (see  p.  382.) 
5  13.  Use  nf  charr&d  vegetable  matters  as  a,  mwimre. 

Soot  and  charcoal  are  the  principal  substances  of  this  class  which 
have  been  more  or  less  extenavely  employed  for  the  purpose  of  in- 
creasing the  producdveness  of  the  land. 

1°,  iSoo(  is  a  complicated  and  variable  mixture  of  substances  pro- 
duced during  the  combustion  of  coal.  Its  composition,  and  consequent- 
ly its  effects  as  amanure,  vary  with  the  quahty  of  the  cgal,  with  the 
way  in  wluoh.  the  coal  is  burned,  and  with  the  height  of  the  chimney 
in  wWoh.  it  JB  coWected. 

SootVias  not 'been  analyzea  emoe  ths  year  1836,  when  a  variety  ex 
ainiued  by  Braconnot  wbe  Touo-i  by  him  to  consist  in  alhousand  parts  ol 
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Ulmic  acid'?  (a  substance  resemLliug  that  portion  of  the 
vegetahle  matter  of  the  soil  which  is  soluhle  in  caustic 

potash— (see  Lcc   XIII    5  1)  SO"  0 
A. reddish  hroan  soluble  sub'Jtance  contammg  nitrogen, and 

yielding  ammonia  when  heated  200  0 

Asbohne 60 

Carbonate  of  hrae  with  a  trace  of  magnesia  (probably  de 

rived  in  part  from  the  sides  of  the  chimney)  146  ii 

Acetate  of  lime  'ib  d 

Sulphate  of  hme  (gypsum)  50  0 

Acetate  of  magnesia  5  1 

Phosphate  of  hme  with  a  trace  of  iron  15  0 

Chloride  uf  potassium  b 

Acetate  of  potash.  41  b 

Acetate  of  ammonia  2  0 

SiUca.(sand)  0  5 

ChEircoal  powder  '<  ■) 

Water 1   >0 

1000* 
The  earthy  substances  which  the  soot  contains  are  chiefly  derived 
from  the  walls  of  the  chimney,  and  from  the  ash  of  the  coal,  part  of 
which  is  carried  «p  the  cJiimney  by  the  draught.  These,  therefore, 
must  be  variable,  being  largest  in  quantity  where  the  draught  is  strong- 
est and  where  the  earthy  matter  or  aah  in  the  cpa!  is  the  greatest  The 
quaittily,  of  gypsum  present  depends  upon  the  sulphur  contained  in  the 
coal, — mat  whicfi  is  freest  from  sulphur  will  give  a  soot  containing  ilie 
least  gypsum.  Theammoniaaad  the  soluble  substances  containiog  ni- 
trogen will  vary  with  the  quantity  of  nitrogen  contained  in  the  coBfand 
with  certain  other  causps — so  that  the  composition  of  different  samples 
of  soot  maybe  very  unlike,  and  their  influence  upon  vegetation  there- 
fore very  unequal.  The  consequence  of  this  must  be,  tiiat  the  results 
obtained  in  one  spot,  or  upon  one  crop,  are  not  to  be  depended  upon,  as 
indicative  of  the  precise  effect  which  another  specimen  of  soot  will 

Cduce  in  another  lOcaUty,  and  upon  anotJier.crop  even  of  the  same 
d.  Ajid  thus  it  happens  that  the  use  of  soot  is  more  general,  anil 
is  attended  with  more  beneficial  effects,  in  some  districts  than  in  others. 
a.  In  genera!  it  may  be  assumed  that  where  ammonia  or  its  sails 
will  benefit  the  crop,  soot  also  will  be  of  use,  and  hence  its  successful 
application  to  grass  lands.  From  its  containing  ^psura  it  should  also 
especially  benefit  the  clover  crops.  Yet  Dr.  Anderson  says,  "  I  have 
used  soot  aa  a  top-dressing  for  clover  and  rye-grass  in  all  proportions, 
from  one  hundred  bushels  per  acre  to  six  hundred,  and  I  cannot  say 
that  ever  I  could  perceive  the  clover  in  the  least  degree  more  luxuri- 
ant than  in  the  places"  where  no  soot  had  been  applied.  But  upon 
rye-grdss  its  effects  are  ama-zing,  and  increase  in  proportion  to  the 
quantity  so,  far  as  my  trials  have  gone."  (Dr.  Anderson's  Es*aj/s, 
edit.  1800,  ii.,  p.  304.)  ,  And  his  genera!  conclusion  is,  that  soot  does 
not  affectthe  grovjlkofcloverinanyway,wMleitv>onderJ\dtypto'iruitea 

'  Aiinolei  de  CAemie  el  de  Physique,  iiiL,  p.  W- 

,..,..,  Go, ..; 


that  of  rye-grass.     Will  any  of  you,  by  experiment,  ascertain  if  such 
be  really  the  case  with  the  Boot  of  your  own  neighborhood  ? 

6.  The  presence  of  ammonia,  in  soot  causes  il,  when  laid  in  heaps, 
to  destroy  all  the  plants  upon  the  spot ;  and  Dr.  Anderson  adds  the  in- 
teresting observation, ,",  that  the  first  plant  which  appears  afterwards 
is  c(Jnstow%  the  common  couch-grass  (trUicvm.  repens).  (Dr.  Ander- 
Boii'e  Essays,  edit  1800,  ii.,  p.  305.) 

c.  This  amnionia  also  causes  eoot  to  injure  and  diminish  the  crop  in 
very  dry  seasons.  Thus  the  produce  of  a  crop  of  beans,  after  oats,  in 
1842,  upon  an 

Unmanured  part  of  the  field  was 29^  bushels. 

Dressed  with  4  bushels  of  soot. 28  bushels.* 

It  also  diminished,  in  a  email  degree,  the  potatoe  crop  in  the  same 
year  in  tile  experiments  of  Lord  BlantjT-e,  at  Erskine  (Appendix,  No. 
IX.)- 

Wllh  manure  alone,  the  produce  was. 11  tons  17  cwt. 

With  30  bushels  of  soot  sprinkled  over  the  dung.ll  tons   4  cwt 

Like  rape-dust  (p.  434)andsaUne  Bubetancea,  therefore,  soot  seems 
to  require  inoist  weather,  or  a  naturally  moist  soil,  to  bring  out  all  its 
virtues. 

d.  Yet  even  in  tlie  dryseasonof  1842,  its  effectupon  wheat  and  oats 
in  the  same  locality  (Erskine)  was  very  beneliciaL  Thus  the  comr 
parative  produce  of  ihese  crops,  when  undressed  and  when  top-dre^- 
ed  with  10  buehele  ofaoot  per  acre,  wasas  follows; — 

Uniaanured, ., Wheat  44 Oats  49, 

Top-dressed  with  soot Wheat  54. ., Oats  55. 

But  the  dressed  wheat  wasinferior  in  quality  to  the  undreissed — the 
former  weighing  only  53,  tlie  latter  62  lijs.  a  bushel..  ,  In  the  oats  there 
was  no  diSrence.  Are  we  to  infer  from  these  results  that,.even  in 
dry  seasons,  sootmaybe  safely  applied  to  crops  of  com,  while  ^o  pulse 
and  roots  it  is  sure  to  do  no  good'?  Further  precise  observations,  no 
doubt,  afe  still  necessary — and  the  niore  especially  as  the  experiments 
upon  oats  and  wheat,  made  in  the  siil\  drier  Jocality  of  Lennox  Love 
f  Appendix,  No.  VIII.),  gave  a  decrease  in  the  produce  of  grain— while 
m  Mr.  Fleming's  experiments  upon  turnips  (Appendix,  No.  VIIL),  50 
bushels  of  Eoot,  applied  alone,  gave  an  increase  of  4  tons  in  the  crop, 

e.,An  experiment  of  Lord  Blantyre's  {Appendix,  No.  IS.),' enables 
us  to  judge  of  the  efficacy  of  soot  m  a  dry  season,  compared  with  that 
of  nitrate  of  soda  and  of  guano  upon  the  produce  of  hay.  Thus  the 
crop  of  hay,  per  imperial  acre,  from  the 

ions,    cw[s.  £   s.  d. 

Undressed  portion,  weighed 1        S 

Dressed  with  40  bushels  of  soot 1       15  0  H     8 

—-leOlbs.  nitrate  of  soda 1       19  1  15     9 

1601ba.guano 3        2  1  15    9 

In  this  experiment  the  soot  proved  a  more  profitable  application  than 
either  of  the  other  manures. 
/.  In  regard  to  this  substance,  I  shall  only  advert  to  one  other  obser- 

•  See  Appendix,  No,  VIU. 
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vation— but  it  is  an  important  one — made  by  Mr.  Morion,  wlten  des- 
cribing the  management  of  a  well  conducted  farm  in  Gloucestershire, 
{■that  of  Mr.  Dimmery,  described  in  the  Journal  of  the  Rfyyal  Agri- 
cuUurcd  Society^  I.,  p.  400.)  "  The  quantity  of  soot  used  upon  thia 
form  amountslo  3000  bushels  a-y  ear,  one-hali  of  which,  is  applied  to  the 
potatoe,  the  otlier  half  to  the  wheat  CTop."  All  the  straw  grown  upon 
this  farm  is  mid  for  thatch,  and  for  the  last  30  years  the  only  manure 
that  has  been  purchased  to  replace  this  straw  is  the  soot,  which  is 
brought  from  Gloucester,  Bristol,*  ^id  Chellenham.  Soot  no  doubt 
contMis  many  things  xiseful  to  vegetation,  yet  where  all  the  produce  ia 
carried  off^  and  soot  only  added  in  its  stead—even  the  rich  soils  of  the 
vale  of  Gloucester  cannot  be  expected  to  re'tain  a  perpetual  fertility. 
The  slow  changes  which  theory  indicates  may  altogether  escape  the 
observation  of  the  practical  man,  who  makes  no  record  of  tlie  history 
of  hw  land,  and  yet  may  be  ever  slowly  proceeding, 

S'.  Ck-arcoal. — Wood-charcoal,  from  its  porous  nature,  and  its  tend- 
ency to  absorb  animal  odors  andother  unpleasant  effluvia  (Lee.  I.,  §2), 
has  beeu  found,  when  reduced  to  fiaepowder.  to  be  an  excellent  admix- 
ture for  night  soil,  for  liquid  manure,  and  for  other  substances  which 
undergo  putrescent  decay.  It  is  therefore  employed  to  a  considerable 
extent  by  the  manufacturers  of  artificial  manures.  It  is  also  applied 
with  advantage  ia  some  cases  as  a  to^ressing  tovarious  crqjst — its 
efficacy  being  probably  dueinpart.to  its  power  of  absorbing  from  ti.\e 
air,  or  of  retaitiiog  in  the  soil,  those  gaseous  Bubstances  which  plants  re- 
qmre,  and  in  part  to  the  slow  decay  which  it  is  iiseif  capable  of  under- 
going. In  moist  charcoal  powder  seeds  are  said  to  gerrninate  with 
great  ease  and  certainty. 

3°.  QMt-fdr.— Another  product  of  coal,  the  tar  of  the  gas-works,  has 
recently  been  recommended  as  an  admixture  for  peat  and  similiar  com- 
posts, and  it  is  one  of  the  substances  with  which  Mr.  Daniel  impreg- 
nates his  saw-dust  inthemanufhctateof  his  patent  manure.  It  is  im- 
possible to  say  how  much  of  the  good  effect  derived  from  the  use  of 
such  mixtures  as  tha:t  described  in  the  Appendix,  No.  VIII;,  is  due  to 
the  coal-tar  they  contain, — andasooesperimentsbave  hitherto  been 
made  from  which  the  true  action  of  coal-tar  can  be  inferred,  it  may 
still  be  considered  as  amatterofdoubf  whether  it  can  at  all  add  direct- 
ly to  the  fertility  of  the  soil. 

§  14.  Of  tlie  theoretical  value  of  different 


Vegetable  manures  are  known  to  differ  in  fertilizing  virtue.  Thus. 
1  ton  of  rape-dust  is  said  to  be  equal  to  16  of  sea-weed  or  to  20  of  farm- 
yard manure.  On  what  principles  do  these  unlike  fertilizing  virtues 
depend  1 

1",  According  to  BoussingauK,  and  other  French  authorities,  the  re- 
lative efficacy  ofaU  manures  depends  xfpon  theproportions  of  nitrogen 

forrsd  even  Bl  Ihe'hlsher  prke."  11  is  of  hellsr  qual31™  o-ing,  it  Is  Mid,  [0  the  greater  lenpl- 
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'neij  severally  contain,  (Annales  de  Clmmieet  de  Phys.,  3d  series,  HI., 
I).  76.)  And  taltiag  farm-yard  manure — consisting  of  Uie  mixed  drop- 
ings  and  litter  of  cattle— as  a  standard,  they  arrange  vegetable  sul)- 
'ances,  as  manures,  in  the  following  order  of  value: — 

Equal  eftSoa  ura  pmduced  by 

Farm-yard  manure '  1000  lbs. 

Poiatoe  and  turnip  (1)  tops 750    " 

Carrot  tops 470 

Natural  grass,  l 760 

Clover  roots 250 

Fresh  sea-weed .-...  450  to    750 

Sea-weed  dried  in  tlie  air. 300 


Wheat  straw 750  to  1700 

Oat  slwiw 1400 

Barley  straw 1750 

Rye  straw 1000  to  3400 

Buck-wheat  straw 850 

Wheat  chaff 470 


Fireaw-durf 1700  to  3500    " 

Oak     do 750    " 

Soot,  from  coal 300    " 

Lint  and  rape-dust 80    " 

The  numbers  in  this  table  agree  with  the  results  of  experiment  in 
so  far  as  they  indicate  that  green  substances  generally,  when  ploughed 
in  as  manareg,  should  enrich  the  soil  more  tnan  an  equal  weight  of 
farm-yard  manare — that  tlie  roots  of  clover  should  be  more  enriching 
fitill— and  that  sea-weed  is  likeivise  a  very  valuable  manure.  They 
agree  also  with  practical  ohservation  in  placing  pea,  and  probably 
bean  straw,  far  above  the  straws  of  wlieat,  oats,  &c.,  in  fertilizing 
power. and  in  representing  soot  and.rape-dust  as  more  powerful  than 
any  of  the  other  substances  in  the  table.  So  far,  therefore,  a  certain 
general  reliance  nmy  be  placed  upon  the  fertilizing  value  of  a  sub- 
stance as  represented  by  the  proportion  of  nitrogen  it  contains,. 

But  ifwebearin  mind  that  plants,  as  we  hare  frequently  had  occa- 
sion to  mention,  require  inorganic  as  well  as  organic/ood,  it  is  quite 
clear  that  the  merepresenceofmtro^n  la  a  substance  is  not  sufficient 
to  render  it  highly  nntritive  to  growmg  plants.  Otherwise  the  salts 
of  ammonia  would  be  the  richest  iftamires  of  all,  and  would  best  nourish 
and  bring  to  perfection  every  crop  and  in  aQ  circumstancea — which  ex- 
perience Das  proved  to  be  by  no  means  the  case.    Hence 

8".  The  value  of  vegetable  substances  m  liianures  miest  depend  in 
sow.e  degree  upon  the  quantity  and  kind  of  inorganic  matter  ihey 
contain.  In  reference  to  the  quantity  of  inorganic  matter  which  they 
respectively  impart  to  the  soil,  their  relative  values  are  represented 
by  the  following  numbers : — 
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Potato  tops,      green. . . 

Tvirnip  tops,         do 

Carrot  tops,          do. . .   . 

Ryc-grasa,           do 

Vetch,                   do 

26 

4S 

45 

30 

38 

Hay 

. .  90  to  ISO 

Bean  straw. ..; 

..  60fo    80 

iiiiH  laoie  places  tie  BeveraL  vegetable  substances  in  an  order  of 
efficacy  considerably  different  from  the  former,  in  which. they  are 
arranged  according  to  tjie  quaatity  of  nitrogen  they  respectiyely  con- 
tain. We  kw}V)  that  wood-ashes  (p.  353),  kelp,  and  the  ashes  of  straw 
(p,  356),  do  promote  the  fertility  of  the  land,  and  therefore  the  abso- 
lute as  well  as  the  relative  efficacyof  the  above  vegetable  substances 
must  depend  in  some  degree  upon  the  quantity  of  inorganic  matter 
they  contain.  Bnt  we  should  be  wrong  were  we  to  ascribe  the  totai 
effect  of  any  of  them  to  tiie  inorganic  matter  alone. 

3°.  Even  the  carbonaceous  matter  of  plants  contributes  its  afi  in 
increasing  the  produce  of  the  soil,  by  supplying,  either  directly  or  in- 
directly, a  portion  of  the  necessary  food  of  plants.  This  has  already 
been  shown  in  various  parts  of  the  preceding  lectures. 

Jt  is  the  property  of  substances  which  contain  a  larger  "proportion 
of  nitrogen,  to  undergo  rapid  decay  in  the  preaence  of  air  and  moisture, 
and  thus  to  produce  a  more  immediate  and  sensible  action  upon  grow- 
ing plants.  But  the  carbon  changes  more  slowly,  and  fHe  inorganio 
matter  also  separates  slowly  from  decaying  vegetables  in  the  soil — 
and  hence  the  apparent  effects  of  these  constituenfs  are  less  striking, 
Thiiilheimrrwdiaie  and meihle effect  of  differentvegetabUeubstancee, 
m  the  same  state,  is  meastsred  %y  flie  Teiative  quantitiea  of  nitrogen 
they  containr—theiTpermaneTit  effects  by  thereudiix  gtMiOities  of  in- 
organic and  of  carbonaceous  matters.  In  the.  case  of  pape-dnst,  for  ex- 
ample, tile  immediate  effect  is  determined  chieily  by  its  nitrogen — tile 
permanent  effects,  by  the  ash  it  leaves  when  burned,  or  when  caused 
'"   "    '"o  complete  decay  m the  air. 
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upnn  it,  possess  dlBfereiit  feniniLng  powers.— Psini-yaid  dung.— Weight  of  duDg  pro- 
ilLiced  from  a  givon  weight  orgrass,  strnW,  and  other  produce,— Loss  Bhdergone  bj 

Animal  eubaiancea  Eave  always  been  considered  as  more  fertilizing 
to  the  land  than  such  asareof  vegetable  origin.  Their  Sctjonisiii 
general  more  immediate  and  apparent,  and  it  takes  place  within  such  a 
limited  period  of  time  that  tlie  farmer  can  calculate  upon  its  being  ex- 
ei'eised  m  benefil  ting  the  crop  to  which  it  is  applied,  Tlie  reason  of  this 
more  immpdiate  action,  will  presently  appear. 

51.  Of  Jlesh,  blood,  and  skin. 

1°.  Flesh. — The  flesh  of  animals  is  not  only  a  rich  manure  m  itsell, 
but  tke  rapidity  with  which  ituodergoea  decay  in  our  climate  enables 
it  speedily  to  bring  odier  organic  aubstancea  wiOi  which  it  may  be  mixed 
into  a  state  of  active  fermentation.  It  is  only  the  flesh  of  auch  dead 
animals,  however,  as  are  unfit  for  food,  that  can  be  economically  ap- 
plied \a  the  land  as  a  manure. 

The  flesh  of  animals  consists  of  a  lean  jKirl,  called  the  muscular  fibre, 
or  by  chemists  fibrin,  wid  &fattj)  part,  intermixed  with  the  lean  in 
greater  or  leas  proportion,  according  to  the  condition  of  the  animal. 
Of  these  two  it  is  (he  lean  part  which  acts  most  immediately  and  most 
energetically  in  tlie  promotion  of  vegetation.  Lean  beef,  in  the  recent 
state,  contains  77  per  cent,  of  its  weight  of  water,  so  that  100  lbs,  conaiats 
ol'77'lbs.  of  water  and  23  lbs.  of  dry  animal  matter. 

2°.  Blood.~Th^  blood  of  animals  is  more  estensively  employed  as 
a  manure.  It  is  carried  ofFin  large  quantities  from  the  slaughter-houses 
of  the  butchers,  and  raaltea  rich  and  fertilizing  composts.  In  sottie 
parts  of  Europe  it  is  dried,  aiid  m  the  state  of  dry  powder  ia  applied  with 
much  effect  as  a  top-dressing  to  many  crops. 

Liquid  blood  coneiata  offibrin — the  substance  of  lean  meat,  of  albu- 
men— tiiesame  aa  the  white  of  egga — of  a  red  coloring  matter,  and  of 
certain  aalinesubstancea  dissolved  in  a  considerable  quantity  of  water. 
When  blood  cools  it  eradually  congeals,  and  separates  into  two  parts, 
agelatinousredportion,  called  the  cfof,  and,  a  liquid,  nearly  colorless, 
part  caQed  the  serwa.  The  clot  contams  most  of  the  fibrin  and  color- 
ing matter,  and  aportion  of  the  albumen;  the  serum,  the  greater  part 
of  the  albumen  and  of  the  soluble  saline  substances  which  are  present 
in  the  blood. 

The  relative  composition  of  fresh  muscular  fibre  and  of  liquid  blood 
is  thus  represented  in  100  parte ; — 
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Musoularfibre 77  23 

Blood 79  21* 

It  appeara  singular  that  the  solid  muscle  of  acimala  should  contain 
BO  nearly  the  same  quantitynf  water  as  their  liquid  blood  does. 

But  it  is  no  less  striking  that  the  dry  animal  matter  which  remains, 
when  lean  muscular  fibre  and  when  blood  are  fully  dried,  has  nearly  the 
same  apparent  composition.  Thi^,  according  to  the  analyses  of  Play- 
fair  and  Boeckman,  dryilesh  and  dry  blood  consist  respectively  of— 

Carbon 51-83  51-96 

Hydrogen ■..  7-57  7-25 

Nitrogen  15-01  15-07 


Oxygen 21'37 


4-23  4-42 


100  loot 

The  organic  pBxt,  therefore,  of  b!ot)dan4  of  flesh  is  nearly  identical 
in  ultimate  composition,  and  ihejinal  result  of  equal  weights  of  each, 
when  applied  as  manures,  should  he  nearly  the  sam:e.  The  ashes,  how- 
ever, or  mprganio  part,  though  present  in  each  nearly  in  the  same  pro- 
porbon  (4-23  and'4-42  per  cent),  are  somewhat  different  in  compositionj 
and  therefore  the  action  of  blood  and  flesh  will  be  a  little  unlike  in  so 
far  asitdepen^uponthe  saline  substancestheyare  respectively  capa- 
ble of  conveying  to  tlie  rocits  of  plants. 

3°.  SAJra.— The  skins  of  nearly  all  animals  find  their  way  ultimately 
into  the  soil  as  manvir^  in  a  more  or  less  changed  state. 

The  refuse  parings  from  tlie  tan-yards,  and  fromthe  curriers' shops, 
though  usually  emp.6yed  for  the  inanufiictnre  of  elue,  are  sometimes 
used  as  a  manure,  and  with  great  advantage.  They  maj^  either  be 
ploughed  in  aufflciently  deep  to  prevent  the  escape  of  volatile  matter 
when  ikey  be^n  to  decay,  or  ihey  may  be  made  into  a  compost  by 
which  their  entire  virtues  will  be  more  efiectually  retaiaed. 

Skin  differs  considerably  in  its  constitutbn  from  flesh  and  blood.  It 
contains,  in  the  recent  state,  about  58  per  cent,  of  water,  and  leaves, 
when  burned,  only  1  percent,  of  ash.  The  combustible  or  organic  part 
consists  of— 

Carbon 50-99 

Hydrogen 7-07 

Nitrogen 18-73 

Oxygen 23-32 

100 

It  contains,  therefore,  3i  per  cent,  more  nitrogen  than  flesh  or  blood. 

So  far  as  the  fertilizing  action  of  these  substances  depends  upon  the 

proportion  of  this  constituent — gliie,  the  parings  of  skins,  and  altgelati- 

uona  substances,  -will  consequently  eshibit  a  greater  efficacy  tiian  flesh 


aon'a  Animal  Cht'mislry,  pp.  S8B  mA  357. 

's  Ofgaida  Chsniisiry  applied  to  Pkyiiofogy,  p.  311. 
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5  3.  Wool,  woollen  rags,  hair,  horn,  ami  bones. 

1°.  Wool,  in  the  form  of  the  waste  of  the  epinning-imlls,  and  espe- 
cially in  that  of  woollen  rags,  acts  very  efflcacjoaaEy  as  a  manure. 
The  rags  are  used  with  good  effect  upon  hght  chalks  and  gravels,  in 
which  they  retain  the  water.  They  are  sometimes  ploughed  in  for 
wheat  along  with  tie  clover  stubble,  in  the  winter  with  the  torn  stub- 
ble, when  the  land  is  intended  for  turnips,  and  are  sometimes  applied 
as  atop  dreeeing'ta.elovei'-and  grass laiiik  (British  Husbajidry,  I.,  p. 
435.)  They  are  used  most  extensively,  however,  in  the  hop-grounds, 
being, dug  in  round  the  roots,  to  which  they  continue  for  a  longtime  (o 
supply  much  noiiriehment  The  estimation  in  which  tliey  are  held  may 
be  judged  of  by  the  price  they  bring,  which  is  from  £6  to  £10  a  ton. 

2".  Hair  also  is  fitted  to  produce  effects  similar  to  those  which  fol- 
low lie  use  of  wool.  It  can  seldoni,  however,  be  obtained  by  the 
farmer  at  ap  economical  a  rate  as  to  enable  him  to  trust  to  it  as  an 
available  resource  when  other  manures  become  scarce. 

3°.  Borti,  in  the  form  of  horn  shavings,  parings,  and  turnings,  is  iuat^ 
ly  considered,  as  a  very  powerful  manure.  Even  iii  the  state  of  shav- 
ings, however,  it  undergoes  decay  still  more  slowly  than  woollen  rags; 
and,. therefore,  like  them,  will  always  be  most  safely  and  economically 
einployed  when  previously  rotted,,ljy  being  made  mto  a  compost. 

.Wool,  hair,  and  horn,  differ  from  flesh,  blood,  and  skin,  by  contain- 
ing very  much  less  water  in  their  natural  state,  and  by  undergoing, 
in  consequence,  a  much  slower  decay,  and  exhibiting  a  much  less 
immediate  action  upon  any  crop  to  wnich  thejf  may  be  applied.  The 
mtelligent  flirmerj  therefore,  will  bear  this  important  distinction  .in 
niind,  in  any  opimon  he  may  form  as  to  the  relative  efficacy  of  these 
several  substances  as  genera!  fertilizers  of  the  land. 

In  chemical  composition,  these  three  substances  are  nearly  identi- 
cal, Emd  they  do  noi  differ  widely,  from  the  lean  of  beef  or  from  dried 
blood.    When  burned  they  leave  only  a  small  qiiantity  of  ash  ■— • 

Wool  leaves, S*0   per  eect  of  ash. 

Hair 0'72  "  ." 

Horn 0'7  "  " 

And  the  part  which  bums  away — the  organic  part— consists  of — 

Wool.  Hair.  Horn. 

Carbon 50-65  51-53  51^09 

Hydrogen.. ■  7-03  6-69  6-72 

Nitrogen 17-71  17-04  17-28 

Oxygen  and  Sulphur 24-61  83-84  24-01 

100  100  100 

The  or^nic  part  of  these  three  substances,  therefore,  is  nearly 
identical  m  composition,  and  hence,  when  equally  decomposed,  they 
ought  to  produce  the  same  effects  upon  the  young  crops.  Thev  con- 
tain a  little  more  nitrogen  than  dried  flesh  and  blood,  and  a  htlJe  less 
than  dried  skin,  and  therefore  in  so  far  as  their  fertilizing  action  de- 
pends upon  this  element,  they  ought  to  occupy  an  intermediate  placa 
between  these  several  si '    ' 
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§  3.  Of  the  composition  of'  bones. 

Few  substances  have  of  late  years  done  so  much  to  ii 
agricultural  produceof  varidus  parts  of  England  as  the  use  of  crushed 
bones  fiir  manuring  tlie  land, 

1°.  Recent  bones  contain  a  variable  quantity  of  water  and  fat. 
The  proporiioii  of  fat  depends  upon  the  position  of  the  bone  in  the 
body,  and  upon  the  condition  of  the  animal.  The  proportion  of  water 
depends  partly  upon  the  solidity  of  the  bone  and  paflly  upon  ils  age. 
According  to  Denis,  the  radius  of  a  female, 

Aged  3  years,  contained 33-3  per  cent  water,  with  a  little  fat. 

AgedSOyeare,  .    "     13-0  "  " 

Aged  78  years,      "     . . .....IS-i  "  " 

The  quantity  of  water  thus  present  in  bones  perfomis  sm  important 
part  in  determining  the  action  wMch  bone-dust  is  known  to  exercise 
upon  tlie  land.  The  oil  is  sometimes  extracted  by  boiling  the  bones. 
During  this  boiling  tiiey  absorb  more  waterj  and  thus,  when  laid  upon 
the  land,  undergo  a  more  rapid  decomposition,  and  exercise,  in  conse- 
quence, a  more  immediate  and  apparenti  and  therefore,  as  some  may 
think,  a  more  powerful  and  fertibzing  action. 

3°.  But  bones  differ  from  the  oUier  am'mal  substances  already  de- 
scribed chiefly  by  containing  a  mubh  larger  proportion  of  inorganic 
matter,  or  by  leaving,  when  burned,  a  greater  per-centage  of  ash. 
The  quantity  of  inorganic  matter,  however,  contained  in  hones  is  not 
constant.  It  is  less  in  the  young  than  in  the  full-grown  animal — less 
in  the  spongy  than  in  the  compact  or  more  solid  bones— and  less  in 
those  of  S()me  animals  than  in  those  of  ofliers.  Thus,  when  freed 
from  fat  and  perfectly  dried — 

The  lower  jaw-bone  of  au  adult left  68-0  per  cent. 

— . — -— a  chUd  of  3  years.  —  62-S        " 

A  compact  human  bone —  53-7         " 

A  spongy  human  bone —  50-2        " 

The  tibia  of  a  sheep —  48'03      " 

The  verlebrte  of  a  haddock —  60'5i      " 

It  is  obvious  that  the  relative  efficacy  of  equal  weights  of  bones 
must  be  affected  by  such  differences  in  the  relative  productions  of 
organic  and  inorganic  matter  which  they  severally  contain. 

3°.  This  inorganic  matter  or  ash  consists  in  great  part  of  phosphate 
of  lime  (Lee.  IX,,  §  4,)  but  it  contains  also  a  considerable  though 
variable   proportion  of  carbonate  of  lime,  with  smaller  quantities 
of  several'  other  ingredients.    -The  proportion'  of  carbonate  of  lime 
appears  to  be  smallest  in  carnivorous  animals. 

Thus,  for  every  100  parts  of  phosphate  Of  lime  tliere  exists  in — 
Human  bones  about. ,......-.. 20-7  carbonate  of  ,ime. 

Bones  of  the  sheep 24-1  " 


fowl.: 11-7 

haddock 6-2 
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DUSNED  BONEB.  447 

Theseproportionsarenot  tobe  considered  aa  constant,  because  it 
varies  not  only  in  tlie  different  boaes  of  the  same  animal  but  also  in 
bones  from  the  same  part  of  the  body  of  different  animals  of  the  same 
spenies.  (Thoiaeoa'B  Animal  C/iemistr)/,^!.  242.)  But  the  existence  of 
such  iliflerenoea  must  render  unlike  the  fertilizing  action  of  the 
bones  of  different  animals — if,  ae  many  think,  this  action  depends  in 
any  great  degree  upon  the  quantity  of  phosphate  of  lime  which  they 
respectively  contain, 

4°..  Besides  the  phosphate  and  carbonate  of  lime,  I  ha^e  stated  that 
bones  contain  certain  other  inoigahic  substances,  which  are  found  in 
small  quantity  in  the  ash.  What  these  substances  are  will  appear 
in  the  tbllowing  table,  which  represents  the  constitution  of  the  bones 
of  some  anims^,  as  analysed  by  Dr.  Thompson : 

Ileum  Ileum  Veticbra. 

ofasHtep.      ofsnoi.    of  ahaildoek. 

Organic  or  combustible  matter 43-3  48'5  39-5 

Phosphate  of  lime 50-6  45-2  m-l 

Carbonate- of  lime 4-5  61  3-6 

Magnesia 0-9  0'3  0'8 

Sosia 0'3  0-2  O'S 

Potash 0-2  0-1  — 

99'8  100'3  100-8 
The  soda  exists  in  bones  probably  in  the  state  of  common  salt,  and 
the  magnesfe,  in  tliat  of  phosphate.  An  appreciable  quantity  of  fluor- 
ide of  calcium,  with  traces  of  iron  and  magnesia,  are  also  generally 
found  in  bouM,  in  addition  to  the  substances  indicated  in  the  pre- 
ceding analyses. 

5°.  When  bones  are  heated  to  redness  in  the  open  air  the  organii, 
part  bums  away,  and  leaves  the  white  earthy  matter  in  the  form,  and 
nearly  of  the  bulk,  of  the  original  bone.  But  if  a  dry  bone  be  cover- 
ed with  dilute  muriatic  acid,  the  earthy  or  inorganic  part  is  slowly  dis- 
solved out,  and  the  organic  part— the  cartilage  or  gelatine — will  alone 
remain,  retaining  also  the  form  and  size  of  the:organic  tone.  In  this 
state  it  is  ftesible  and  somewhat  soft,  and  by  prolonged  boiling  may 
be  dissolved  in  water,  and  manufactured  ipto  glue. 

This  ■  organic  ot  combustible  patt  of  bones  is  identical  in  chemi- 
cal composition  with  sldn  and  glue,  and  is  nearly  the  same  a^  wool, 
hair,  and  horn,  of  which. the  analysis  has  already  been  given.  la 
80  far,  therefore,  as  their  efficacy  depends  upon  the  organic  con^U- 
tuent,  dry  bones  must  be  greatlv  inferior  to  an  equal  weight  of  any 
of  the  other  animal  substances  anovfe  described,  because  of  the  much 
greater  proportion  of  earthy  matter  they  contain. 

§  4.  On  what  (foes  the  fertilising  actionof  bones  depend  7 
itones  cont^n,  as  we  have  seen,alarge  proportion  both  of  organic 
and  of  inorganic  matter;— -on  which  of  these  two  constituents  does 
their  fertUizing  action  most  depend  t  Some  regard  the  phosphate  of 
lime  or  bone  earth,  as  the  only  source  of  the  benefits  so  extensively 
derived  from  them — and  it  is  by  supposing  the  soi!  to  be  already  suf- 
ficiently impregnated  with  this  phosphate,  that  Sprengel  accounts  for 


the  litfe  success  ivhich  has  attended  the  use  of  bones  in  Meclfleriburg 
and  North  Gierraany.  Others,  affaia,  attribute  the  whole  of  their  in- 
fluence to  the  organic  part — the  gelaline^which  bones  contain. 
Neither  of  these  views  is  strictly  correct  Plants,  as  we  have  seen, 
require  a  certain  quantity  of  phosphoric  acid,  Ume,  and  magnesia, 
which  are  present  iii  the  inorganic  part  of  bones,  and  so  faf,  therefore, 
are  capable  of  deriving,  inorganic  food  from  bone-dust.  But  the  or- 
ganic part  of  bones  will  decompose,  and  ■  therefore  will  act  nearly  in 
the  same  way  as  skin,  wool,  hair,  and  horn  do — which -substances  it 
resembles  in  ultimate  composition.*  It  cannot  be  doubted,  thereibre, 
that  a  considerable  part  of  the  effect  of  bones  upon  all  crops  must  be 
due  to  the  gelatine  which  Ihey  contain. 

The  principal  facts,  now  known  in  regard  to  the  action  of  bones, 
may  be  thus  stated, : — 

P.  The  organic  matter  ofbonesacts  like  thatof  skin,  woollen  rags, 
horn  sliavings,  &c.,  but  as  bone-dust  contains  only  about  one-third  or 
the  organic  matter  which  is  present  inaneC[ualweight  of  either  of  the 
above  substances,  its  total  effect,  in  so  far  as  it.depends  upon  the  or- 
ganic matter,  will  be  lees  in  an  equal  proportion. 

2°.  Bnt  as  the  organic  matter  of  bouea  contains  more  water  tlian 
horn  or  wool,  (n.  446,)  it  will  decay  more  rapidly  than  these  substan- 
ces'when  jnixed  with  the  soil,  and  will  therefore  be  more  immediate  in 
its  aclioo.  Hence  the  reason  why  woollen  rage  and  bom  shavings  must 
he  ploughed  in  in  the  preceding  winter,  if  tliey  are  to  benefit  the  subse- 
quent wheat  or  turmp  crops,  while  bone-dviat  can  be  beneficially  ap- 
plied at  the  sowing  of  the  seed. 

3°.  When  bones  are  boiled  the  oil  will  be  separated,  andaportionof 
the  gelatine  will  at  the  same  time  be  disBolved  out.t  The  bones, 
therefore,  will  he  in  reality  rendered  less  rich  as  a  manure.  But  as 
they  at  the  same  time  take  up  a  considerable  quantity  of  water,  boiled 
bones  will  decompose  more  Fapidly  when  mixed  with  tlie  soil,  and 
thus  will  appear  to  act  as  benefioiBlly  as  unboiled  bonea.  Hence  the 
reason  why  in  Cheshire,  where  boiled  bones  are  used  to  a  considerable 
e5;ten1^  many  practical  men  are  of  opinion  that  their  action  upon  the 
crops  IS  not  inferior  to  that  of  Ijones  from  which  the  oil  has  not  been 
extracted  by  boijiipg.  The  intmediate  effect  may  .indeed  be  equal,  or 
even  greater,  than  that  of  unboiled  bones,  but  the  total  effect  must 
be  less  in  proportion  to  the  quantity  of  organic  matter  which  has 
been  removed  by  boiling..   Case^  howtver,  may  occur  in  which  the 


EO-es— H/drofen,  6-36— Nilroggii,  17'I4— Oijbbi,  ao '85— Sulphur,  EOO-Totsl,  100— and 
oesrlj  half  a  per  oeiil,  of  PhosphomB. 

tTlieprolaacsd  boiling  of  banes,  so  as  la  diesolvea  portion  of  Ihe  gelaiine,  ie  practised 
loaijanHtderiUWBitenleaHaiiideor  inaDnfaiitnriiic^zA  oritne.  In  the  Isrge  dyeiDE  £» 
Ktaliefaments  Id  Msusheetsr,  tlie  bones  are  bsllai!  Is  opaa  puis  TorM  hours.  Sie  hi  Mm. 
med  olT  nnil  mid  to  the  ceadls-mahers,  and  Iheelisanemsrde  hDllwl  down  in  euuthsr 
TEHUI  lUI  it  ie  of  soCielent  atrenglh  Ibr  aliD^nlni  the  tblcb  ttodds  Ibr  which  it  le  intended. 
The  Btaa  liquor,  nhen  eihaueled,  oi  no  longer  of  euflicleut  streniith  Tor  slll^nlnE,  in  applied 
wiUimnpblMnefllBBamiuiure  to  the  adjacent  pselare'and'ullBcial  grane  lande,  end  Che 
baneB  are  readily  bought  up  by  the  Laucashlre  and  dheshire  farmers.  The  boiled  hones 
must  evideall)'  toae  ou  the  fertilizing  linue  which  Iha  size  liquor  acquires. 

„....,  Gocgic 


slcilful  man  wilt  prefer  fa'  use  boiled  bones  because  they  are  fitted  to 
produce  more  immediate  effect  where — as  in  the  pushing,  forward  of 
the  ypung  turnip  plant — such  an  effect  is  particularly  reqiiired. 

4°.  Wh«i  bones  are  buried  in  a  more  or  less  entire  state,  as  they  oe- 
casionaliy  are  about  the  roots  of  vines  and  fruit  trees,  they  gradually 
decay,  and  sensibly  promote  the  growth  of  the  trees  to  which  tiiey  at-e 
applied.  Yet  after  the  lapse  of  years  these  same  bones  may  be  dug  up 
nearly  unaltered  either  in  form  or  in  size.  The  bones  of  a  bear  and  of  a 
stag,  after  being  long  buried,  were  found  by  Marchand  to  consist  of— 

Bones  oflbe  beat  buried 

Animal  matter 16'l'  '  i-P'  ""'' VJg"  '"*' 

Phospiiateof  lime...: 560  62a  541 

Carbonate  oflime l'3-l  13-3  19-3 

Sulphate. of  lime , Tl  12-3  12-2 

Phosphate  of  magnesiEu. :,....  0'3                    0'5  S'l 

Fluoride  of  calcium 20                    3-1  31 

Oxide  of  iron  and  manganese.  2'0                    31  2'9 

Soda M                     1'3  — 

Silica : 2-2                       2'1  — 

lOe  100  100 

The  most  striking  change  undergone  by  these  bones  was  tlie-large 
loss  of  organic  or  animal  matler  tJiey  aad  suffered.  The  relative 
proportions  of  the  phosphate  and  carbonate  oC  lime  had  been  cotri- 
paratively  little  altered.  The  main  effect,  therefore,  produced  by 
bones  when  buried  at  the  roots  of  trees,  and  tiiBH,Jirst  effect  in  all 
cases,  must  be  owing  to  the  aaimal  matter  they  contain — the  ele- 
ments of  this  animal  matter,  as  it  decomposes,  being  absorbed  by  the 
roots  with  which  the  bones  are  in  contact. 

Such  facts  as  tliis  prove,  I  think,  the  incorrectness  of  the  one-sided 
opinion  too  hastily  ad  v^uiced  by  Sprengel,  and  after  him  reiterated 
by  Liebig  and  his  followers — that  the  principal  efficacy  of  bones  is, 
in  all  cases,  to  be  ascribed  to  their  earthy  ingredients,  and  especially 
to  the  phosphate  of  liriie. 

This  opinion  of  Sprengel  rests  mainly  on  two  facts  put  forward  by 
himself  (Lehre  vom  Diinger.p.  153.)  Bones,  he  sajrs,  have  fiiiled  to 
produce  in  North- Western  Germany  the  good  effects  for  which  they 
are  so  noted  in  England,  yetin  the  same  districts,  farm-yardaiid  other 
animal  manm'es  esniblt  their  usual  fertilizing  action.  It  cannot,  there- 
fore, he  concludes,  be  the  animal  matter  of  bone's  to  which  their  benefi- 
cial influence  is  to  be  ascribed.  But  to  this  conclusion  we  may  fairly 
demur,  when  we  know  how  often  on  heavy  and  undrained  lands  bone- 
dust  feils  even  among  ourselves.  Let-bones  be  tried  for  the  turnip 
crop — a  crop  still  almost  unlinown  in  Northern  Germany — and  upon 
well  drained  soils  similar  to  those  of  our  best  turnip  landi,  and  I  ven- 
ture to  predict,  in  opposition  to  Sprengel's  experience,  that  bones  will 
no  longer  fail  even  in  Mecklenburg^ 

Agam,  having  drawn  liis  conclusion  in  regard  to  the  inutility  of  the 
animal  matler,  Sprengel  states  that  the  man  which  is  applied  to  the 
land  in  Holstein  and  the  peighboring  provinces,  contains  phosphate 


of  lime  (p.  371.)  and  hence  the  reason  why  the  earthy  'matter  of  the 
bones  applied  ioes  not  improve  the  land.  la  ao  far  as  the  efficacy  of 
bones  really  depends  upon  their  esffthy  constituents,  the  use  of  a  mart 
containing  phosphate  of  lime*  will,  no  doubt,  greatly  supersede  them ; 
— but  in  BO  far  as  it  depends  upon  the  animal  matter  they  contain, 
bones  will  exhibit  their  natural  fertilizing  action,  however  rich  the 
soil  may.  already  he  in  those  compounds  of  which  their  earthy  or 
combustible  part  consists. 

5".  Yet  there  is  reason  to  beheve — nay,  it  maybe  a^umed  as  c 
tain — that  the  phosphate  and  carbonate  of  lime  which  bones  contaic 
largely;  are  not  wifnout  effect  in  promoting  vegetation.  .  All  our  cu 
vated  plants  require  and  contam  Doth  phosphoric  acid  and  lime,  (i  ._ 
Lee.  X.,  \  3,)  and  from  the  vegetables  on  wnich  they  feed,  all  animals 
derive  the  entire  substance  of  their  bones.  This  same  phosphoric 
acid  and  lime,  therefore,  faiust  exist  in  the  soil  on  which  the  plants 
grow,  or  they  will  neither  thrive  themaelvM  nor  be  able  properly  to 
nourish  the  animals  Ihey  are  destined  to  feed.  If  a  soil,  then,  be  de- 
ficient in  pfiosphate  of  lime  or  ila  constitaenta,  it  is  clear  that  the.  ad- 
dition of  bones  will  benefit  the  after-crops  not  onlv  by  the  animal,  but 
by  the  earthy  matter  also  which  they  contain.  And  that  such  is  tlie 
case,  in  many  instancMi,  there  is  good  reason  for  believing.  But  that 
this  can  by  no  means  account  for  the  whole  effect  of  bones,  even  sup- 
posing the  soil  to  which  they  are  applied  to  be,  in  evwy  instance,  defi- 
cient in  phosphates,  is  clear  from  the  fact  (see  Lee.  X.,  §  4,}  that  360 
lbs. — less  than  6  bushels^— of  bone-dust  per  acre  are  suIBcient  to  sup- 
ply alt  the  phosphates  contained  in  the  crops  which  are  reaped  during 
an  entire  fourshift  rotation  of  turnips,  barley,  clover,  and  wheat.  Yei 
the  quantity  of  bones  actually  applied  to  the  land  is  from  three  to  five 
times  the  above  weight,'  repeated  every  time  the  turnip  crop  comes 

6°.  Still,  granting  that  the  chief  effect  of  bones  upon  the  immedi- 
ately succeeding  crops  is  due  to  their  organic  part,  uptfti  what  does 
tiieir  prolonged  good  effect  depend  1  Some  lands  remember  a  single 
dressing  of  bones  for  16  or  20  years,  and  some  after  the  application 
of  2  or  2j  tons  of  bones  have  yielded  10  to  15  successive  crops  of 
oats,  and  have  been  sensibly  benefitted  for  as  many  as  sixty  years 
after  the  bones  were  applied.  (See  Appendix,  No.  I.,  and  British 
Husbandry,  L,  p.  398.) 

This  prolonged  effect  is  also  due  in  part  to  both  constituents.  When 
not  crushed  to  powder,  the  organic  ma.tter  of  bones  is  always  slow  in 
disappearing,  and  slower  the  deeper  ibey  are  buried.  In  some  soils, 
also,  the  process  is  more  slow  than  m  others.  The  long-buried  bones  of 
the  bear  and  of  the  stag,  of  which  the  analysis  is  given  above  (p.  449,) 
had  lain  in  the  soil  for  an  unknown  period,  and  yet  they  still  contained 
a  sensible  proportion  of  animal  matter.  So  it  is  with  the  bones  used  for 
manure,  wlien  they  are  not  crushed  too  fine.  They  long  retain  a  por- 
tion of  their  organic  matter,  which  they  give  out  more  slowly,  and 


■  MosUime-sIoneB untf  alielLBBiii^s  cunlain  anapprBciabJcquanlily  of  Ihia  f 
arried  dflr— by  the  waiera  of  ihe  sea  with  which  Ihal  psil  of  Europe  was 
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in  smaller  quantity,  every  ^ear  that  pasHee,  yet  etill  in  such,  abun- 
dance as  to  contribute  sensibly  to  the  nourishment,  and  in  Eome  de^ 
gree  to  promote  the  growth  of  the  crops  whiph  the  land  ia  made  to 
hear.*  Soil  would  bewitli  the  horns  and  hoofaof  cattle,  if  laid  on  in 
equal,  quantity,  for  they  also  decay  witli  exceeding  slowness. 

Still  the  inorganic  part  is  not  without  its.  use.  If  the  soil  be  dejici- 
entmphosphc^  or  mlime,  flie  earthy  matter  of  the  hones  will  sup- 
ply these  Buhetapces.  I  only  wteh  to  guard  you  against  the  conclu- 
sion, that  heeause  bones  often  act  for  so  long  a  period,  that  therefore 
the  organic  matter  can  have  no.  share  in  the  influence  they  exercise 
after  a  limited  period  of  years. 

He  who  candidly  weighs  the  considerations  above  presented  will,  I 
thmk,  conclude  that  the  whole  effect  of  bones  cannot  in  any  case  be 
ascribed  exclusively  either  to  the  one  or  to  the  other  of  their  principal 
couBtituente.  He  will  beheve,  indeed,  fiat  in  the  tomip  husbandry  the 
organic  part  performs  the  inost  prominent  and  most  immediately  useful 
oificej  but  that  the  earthy  part,  nevertheless,  affords  a  ready  supply  ol 
certain  organic'kinda  of  food,  which  in  many  soils  the  plants  would 
not  otherwise  easily  obtain.  He  will  assign  to  each  constituent  its 
separate  and  imjiortaiit  function,  being  constrained,  at  the'  sEune  time, 
to  confess  that  while  iff  veiy  many  cases  the  earthy  part  of  bones  ap~ 
^ied  alone  would  iaii  to  benefit  the  land,  (iiere  are  few  cultivated 
fields  in  which  the  organwpari  applied  aione  would  not  materially 
promote  Uie  growth  of  most  of  our  artificial  crops. 

§  5.  Of  the  applicatiWi  of  bone-dustio  pqistwe  lands. 

If  the  soil  be  deficient  m  phosphate  of  lime,  bone-earth  alone,  or  the 
mineral  phosphate  (Lee.  IX.,  5  4,}  may  be  advantageously  applied  to 
increase  its  fertility.  In  a  four-years'  rotation  of  turnips,  bailey,  clover, 
-and  wheat,  if  bones  be  used  for  the  turnip  qrop,  the  land  will  every  ro- 
tation become  richer  iii  bone-earth,  (see  preceding  page,)  and  there- 
fore the  application  of  earthy  phosphates  cannot — after  a  few  rota- 
tions—he expected  materially  to  affect  its  productiveness.  But  pas- 
ture lands  are  treatei  difier^tly,  and  it  ia  nof  unlitely  liiat  in  some 
instances  the  earth  of  bones,  even  applied  alone,  may  to  suCh  lands 
be  productive  of  considerable  benefit. 

The  application  of  bone-duet  to  permanent  pasture  has  of  late 
yeara  been  practised  with  great  suecess  in  Chesiiire,  Laid  on  at  the 
rate  of  30  to  35  cwt.,  or  at  a  cost  of  £1Q  per  acre,  it  has  increased 
the  value  of  old  pastures  from  10s.  or  15s.  to  30e.  or  40s.  per  acre : 
and  after  a  lapse  of  20  years,  though  sensibly  becoming  fees  valu- 
able, land  has  remaned  still  worth  two  or  three  times  the  rent  it  paid 
before  the  bon^  were  laid  on. 

It  is  this  lengthened  good  effect  of  bone-dust  that  affords  the  strongest 
ground  for:  beUeving  that  the  earthy  phosphate  has  a  large  share  in  the 
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effect.  I  have  already  akown  that  this  prolonged  action  ia  npt  conclu- 
Bive  upon  the  point — since  the  organic  matter  lingers  long,  even  in  buri- 
ed bonea — but  a  consideration  of  the  necessary  effect  of  long  contimi-. 
ed  pasturage  upon  soils  to  whieli  nothing  is  artificially  added,  lends  a 
singular  Eupportto.theview  that  the  bonerearth  may  act  an  important 
and  beneficial  part  upon  old  meadow  and  other  gra^  lands.  Take 
the  mstance  of  a  daity  farm  iii  the  neighborhood  of  a  large  town, — 

1°.  The  milk  is  all  carried  off  tlie  farm,  either  directly  or  in  tie  eirape 
of  butter,  cheese,  &c.,  and  every  40  gallons  of  milk  contain  1  lb.  of 
bone-eartii,  besides  other  phosphates.  Esiimate  the  average  yield  of  a 
good  cow  at  3000  quarts,  or  750  gallons  a-year,  its  milk  will  contain  19 
Iba.  of  earthy  phosphate — as  mu(3i  a^  is.pr^ent  ia  30  lbs.  of  bone-dust. 

2°.  Again;  the  urine  of  a  inUk  cow,  taken  at  700  gallons  a-year, 
coDtains  about  11  lbs.  of  the  same  phosphate.  (A  cow,  not  in  mUk, 
gives  on  an  average  about  1300  gallons  of  vinne-^see  page  460.) 
Suppose  only  a  third  of  this  to  run  to  waste,. and  tiiefarm.  will  lose  for 
every  cow  in  this  way  aljout  4  lbs. — equkt  to  about  6  Iba.  of  bone-dusL 

3°.  But-for  every  cowan  annua!  ^aif  isreared  and  aoldoff.  Let  this 
calf  contain  but  20  lbs.  ofbone— then/or  every  cow  it  tnaintmns,  a  dairy 
farm  vnll  lose  of  eartliy  phosphates  v/pmi  the  ■whole  as  much  as  ta 
contained  in  56  lbs.  of  bone-dust.  Suppose  a  farm  to  be  pastured 
for  centuries,  aa  those  of  Cheshire  have  been,  and  the  produce  to  be 
carried  off  in  the  form  of  milk,  butter,  and  veal — we  may  reasonably 
suppose  that  it  will  at  lengtlt  begin  to  feel  the  want  of  those  phos- 
phates which,  year  by  year  have  been  drawn  from  its  surface.  It  is 
reasonable,  also  to  suppose  that  the  addition  of  these  deficient  phos- 
phates would  impart  new  vi^r  to  the  soil,  would  cause  new  grasses 
to  sprout,  and  a  more  milk-yielding  herbage  to  spring  up. 

Such  is  the  reasoning  upon  which  I  some  years,  ago  attempted  to 
foimd  an  explanation  of  £e  smgnlarly  striking  effects  produced  by  bone^ 
dust  on  the  grass  lands  of  Cheshire,  while  it  failed  materwilly  t<r  ■-" 


e  those  of  other  districts  on  which  it  had  been  tried.    I  still  consider 


by  no  means  without  its  weight,  though,  I  cannot  concur  with  liie 
extreme  views  which  some  have  since  adopted — that  either  in  the  case 
of  Ciieshire,  or  in  any  other  caee  with  which  I  am  acquainted,  thcbenefl- 
cialaction  of  bone-dust  is  to  be  ascribed- sofe/y  to  its  earthy  coflstituents. 


1°.  Animal  charcoal,  (bone  black.} — When  hones  are  charred  or 
distilled  at  a  red  lieat  in  close  vessels,  they  leave  behind  a  coaly  re- 
siduum to  which.the  name  of  animal  charcoal  is  usually  givert.  By 
this  calcination  the  animal  matter  is  almost  entirely  decomposed. 
The  chafcoal  still  retains,  however,  a  little  nitrogen,  and  though  it  is 
seldom  employed  as  a  manure,  yet  it  is  not  wholly  without  effect  in 
promoting  the  growth  of  our  cultivated  crops.  Thus  in  1842,  when 
applied  to  Swedish  turnips,  Mr.  Fleming  obtained  from  the  unma- 
nured  soil  12  tons  5  cwt.  per  acre ;  but-wSen  manured  with  10  cwt 
of  animal  charcoal,  21  tons  2  cwt.  (see  Appendix,  No.  VIII.) 

3°.  Refuse  charcoal  of  the  sugar  reJlners.--The  animal  charcoal 
above  described  is  chiefly  employed  for  the  purpose  of  removing  the 


color  from  soluiiona  of  raw  sugar.  Blood  ia  also  used  lor  ctarifyiiig 
ths  sanie  solutions,  and  quick-lime  for  neutralizing  the  add  matter 
they  contain — thus  rendering  the  syrups  more  capable  of  easy  crys- 
tallization. Hence  tlie  aniinaJ  charcoal,  the  bloocf,  the  Unip,  aJid  the 
coloring  and  other  matters  separated  from  the  sugar,  become  mixed 
together,  and  fonn  the  refuse  of  the  su^r  refiners.  This  refuse  often 
containsfrom  one-fifth  to  one-fourth  of  its  weigbt  of  blood,  and  hence 
ia  in  general — and  especially  in  France,  where  it  is  extensively  em- 
ployed as  a  manure-— considered  from  four  to  six  times  more  power- 
ftil  than  the  pure  animal  charcoal  aliJne.,  In  the  western  parts  of 
France  this  mistme  has  for,  some  years  been  in  great  repute  among 
agriculturists,  apd  in  addition  to  that  which  is  produced  at  home,  has 
been  largely  imported  from,  other  countries.  Into  the  porta  upon  the 
river  Loire  alone  there  were  entered,  in  1839,  upwards  of  ten  thousand 
tods  (Boussiugiiult,  An.  de  Ckim.  ft  de  Pliys.,  3d  series,  iii.,  p.  96.) 
It  sells  at  about  five  pounds  a  ton. 

The  value  of  this  substance  depends  very  much  upon  the  propor- 
tion of  blood  which  ii  contains,  and  aS  this  ia  in  some  measure  vari- 
able, its  fertilizing  qualities  must  be  variable  also.  Ia  England  blood 
is  used  much  more  sparingly  in  the  refining  of  sugar  than  it  used  ia 
be,  and  hence  the  refuse  of  our  refineries  is  probably  leas  valuable 
as  a  manure  now  th^i  it  was  in  foitner  yeeirs.*  This  la  probably  one 
reason  why  Mr.  Fleming  obtained  from  the  use  of  it  a  soinewhat 
smaller  crop  of  turnijs  than  from  an  equal  quantity  of  the  unused 
animal  charcoal.  Upon  Swedish  turnips  10  cwt  of  unused  animal 
charoo^  gave  him  21  tons  3  cwt ;  while  10  cwt  of  the  refuse  gave 
10  tons  7  cwt.  (Appendis,  No.  VIII.) 

.,  Stiirthis  result  la  eufficienfly  favorable  to  recommend  the  refuseor 
exhausted  animal  charcoal  to  the  practical  agriculturist  where  more 
economical  manures  cannot  readily  be  obtained.  . 

'3'.  AnifaaHzed  carbon. — The  estimation  in  which  the  refuse  char- 
coal of  the  sugar  works  was  held,  has  led  to  the  manufacture  of  veiT 
useful  imitations  of  it  under  the  name  of  ajiimalized  carbon.  A  c^- 
careous  sod,  rich  in  vegetable  matter,  {an  intimate  mixture  of  peat 
and  marl  or  ahell^and  wbuld  answer  well;)  is  charred  in  close  ves- 
sels, and.  is  then  mixed  at  intervals  with  repeated  portions  of  night 
soil  as  long  as  it  disinfects  it  or  removes  its  smell — and  to  this  mixture 
IS  added  4  or  5  per  cent,  of  clotted  and  pEirtially  dried  blood.  This 
aniroalized  carbon  is  said  to  be  of  much  value  as  a  manure.  The 
main  objections  to  it  are  its  liability  to  adulteration  and  the  uncertain- 
ty to  which,  even  when  skilfully  and'  conscientiously  prepared,  its 
composition  must  be  in  some  measure  liable. 

§  7.  Ofjish,  jiah  refuse^  whale  blubber,  amd  oil. 

1°.,  J?sA. — In  some  parts  of  the  world,  and  occasionally  on  the  shores 

of  England,  fish  are  met  with  in  such  abundance  that  they  can  be  eoono- 

laieally  employed  ae  amanure  for  the  land.  They'are  either  Spread  over 

Bome  liioB  WBlfr,  sjfllle  buriock's  biooJ.  and  from  B  lo  ao  per  oepl.  uF  ban'l  black,  and  in- 
jBcUog  WBBm  through  (be  ralilure.    Imlecd  qf  ihe  i&nd  manj  refiners  emploj  a  mixture 

luUon  or  Hlma.  nod  collecttpg  Ihe  precipLlale"i[Ut«.)  Hence  ths  itesno  why,  in  England 
atleaBI,  the  refuae  ijharcoaZ  of  (he  sugar  works  Is  noL  o^i^^rlch  In  bJopd-  ,  .^  ui  ii  - 
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it  in  a  recent  state,  or — wliich  is  more  econoiaical, — are  made  into  a  com- 
post chiefly  with  earth,  which  after  a  time  proves  rich  and  fertilizing. 

The  bones  of  fish  are  aitnilar  in  composition  to  tliose  of  terrestrial 
animals. (p.  447),  and  their  muscular  parta  are  nearly  identical  inele- 
mentaiT  constitution  with  the  lean  part  of  beef  and  the  clot  of  blood. 
As  fertilizing  agents,  therefore,  the  parts  of  fishes  will  act  nearly  in 
the  same  way  as  the  blood  and  bodies  of  animals. 

S°.  Fish  refuse. — The  pilchards  of  Cornwall  and  the  herringB,  cod, 
and  ling  of  our  northern  coasts,  when  cleaned  for  salting,  yield  a 
large  quantity  of  refuse,  (fourteen  barrels  of  herrings  yield  one  of 
refuse,)  which  is  peculiarly  valuable  to  the  fanners  In  the  neighbor- 
hood of  the  principal  fishing  stationB. 

In  the  North,  a  compost  prepared  from  this  flsh  refuse,  is  generally 
esteemed  as  a  manure  for  barley  and  green  crops,  but  when  exten- 
sively lised,  "is  said  to  render  theaoilunfit  for  the  production  of  oats.'' 
Such  soil  is  said  to  be  poisoned  (Sinolslr's  Statistical  Account  of 
Scotland,  vii.,  p.  201,  quoted  in  British  Husbandry,  I.,. p.  421.J 

3=.  Whale-  Mubher. — When  the  oil  is  expressed  from  whale  blub- 
ber, a  skinny  or  membraneous  refuse  remains,  which  has  hitherto 
been  employed  only  aa  a  manure.  It  ia  made  into  a  compost  with 
earth,  which  is  several  times  turned,  and  the  inixture  is  moat  usefully 
employed  after  it  has  tain  not  less  than  9  or  13  monlhs.  It  may  be 
applied  either  to  grass  or  to  arable  land. 

4°.  Whale  oilf  and  that  of  other  fish,  when  made  into  a  compost  with 
earth  and  a  little  lime  or  wood  ashes,  yields  a  manure  which  was  much 
recommended  by  the  late  Dr.  Hunter  of  York  (see  his  Georgical  Es- 
sa^  vols;  1,  2,-and  R.)  Merelymixed  with  absorbent  earth,  and  ax>- 
phed  at  the  end  of  one  month,  impure  whale  oil,  at  the  rate  of  4€  gallons 
per  acre,  gave  the  late  Mr.  Mason,  of  Chilton,  near  Durham,  a  crop  of 
23i'  tons  of  turnips,  while  40  bushels  of  bones  gave  him  only  22  tons. 
Morerecently,  also,  it  baa  been  found  that  the  inixture  of  a  few  gallons 
of  oil  with  the  usual  quantity  of  bone-dust  increased  to  a  considerable 
degree  the  turnip  cro^  to  which  it  was  applied.  In  a  theoretical  point 
of  view,  itwould  be  interesting  to  establish  the  fact,  that  pare  oil  ia 
capableof  pj-omoting  in  a  large  degree  the.  gi'owth  and  produce  of 
our  cultivated  cropa — though,  as  a  resource,  of  which  farmers  in  gene- 
ral can  avail  themselves  iSiere  other  manure  is  scarce,  its  high  price 
will  probably  prevent  it  from  ever  becoming  extensively  useful. 


No  sufficiently  decisive  experiments  are  yet  upon  record;  from 
which,  the  relative  value  of  the  several  animal  manures  above  des- 
cribed can  be  satisfactorily  deduced.  That  they  differ  in  fertilizing 
power  every  farmer  is  aware,  but  it  is  not  yetdecided  by  actual  trial, 
m  what  proportion  one  of  them  exceeds  the  other. 

I  have  already  stated  to  you  (p.  440)  ,the  theoretical  opinion  enter- 
tained by  many,  that  theefficacy  of  all  manures  is  in  proportion'  to  the 
^antity  of  nitrogen  they  contain.  Adopting  this  principle  aa  true,  it 
IS  easy  to  assign  to  each  substance  itspropcr  place  in  an  artificial  table. 
The  last  column  in  the  following  table  shows  the  quantity  of  each 
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HubstancG  in  its  ordinary  state  of  dryness,  which,  will  be  necessary  to 
produce  the  same  effect  as  100  Iba.  of  commoa  farm-yard  manure, 
supposing  this  effect  to  be  determined  by  iJie  nitrogen  alone. 

Farm-yard  maoiare..     80  1  j  100  lbs. 

Flesh...-. 77  1  3j  14    " 

Pisb 80  2  2i  20    " 

Blood 79to83  1  3  16    " 

Blooddried* 12  to  SO  3J  12  to  13  S    " 

Skin. 58  i  8  12    " 

Wool,  hair,  and  liom.  9  to  11  1  to  2  16  6    " 

Bones 14  40  to  60    5  to  9  11  to  20  ■' 

Refuse   charcoal    of 

the  Sugar-works. ,     48  1  1  50    " 

Animatized  carbon. .     45  ?  I  50    " 

I  have  already  bad  occasion  to  reraarlt,  howeTer,  that  this  mode  of 
classifying  manures  is  not  altogether  to  be  depended  upon.     Since — 

1?.  It  does  not  talte  into  account  the  (quantity  of  inorganic  matter 
they  severallj^  contain,  which  as  shewn  in  the  third  column  is  parti- 
cularly large  in  bones,  and  is  by  some  considered  as  the  (most?)  im- 
portant and  influential  constituent  of  this  manure.  Nor  is  any  effect 
ascribed  to  such  substances  as  the  sulphur,  which  in  hair  and  wool 
ftrms  nearly  5  per  cent,  of  their  whole  weight,  and  wliich  cannot  be 
wholly  without  influence  upon  tte  plants,  by  which,  as  they  decay, 
0\e  elements  of  tliese  majeures  may  happen  to  be  absorbed. 

2'.  It  passes  by  the  practical  mfluence  of  the  qjiantity  of  water 
which  the  several  substances  contain.  Flesh,  fish,  blood,  and  skin,  in 
their  recent  state,  contain  so  much  ^ater  that  they  begin  almost  im- 
mediately to  decompose,  and  thus  expend  most  of  meir  fertilizing 
virtue  upon  the  first  crop  to  which  they  are  applied.  Hair  and  wool,  on 
ttie  olher  hand,  retain  so  little  water  that  they  decay  with  great  slowness. 
Hence,  the  true  amount  of  the  action  of  these  latter  substances  cannot 
be  estimated  in  a  single  year,  and  must  therefore  be  altogether  a  mat- 
ter of  theory  until  a  senes  of  careful  observations,  made  in  consecu- 
tive years,  shall  afibrd  some  decisive  facts  upon  wiiich  to  reason. 

3°.  Tiiis  is  conflrjned  by  the  statement  of  Boussingault  and  Payen, 
(Annates  de  CMm.  et  de  Phys.,  3d  aeries,  iii.,  p.  94,)  that  the  effect 
of  the  animal  charcoal  of  the  sugar  refiners  and  of  the  animalized 
carbon  is,  by  ea^erience,Jive  times  greater  than  the  proportion  of  ni- 
toogen  they  contain  would  indicate ;  and— 

4°.  If  ;pure  oil,  which  contains  no  nitrogen  at  all,  wii!  yet  produce 
an  enrichmg  manure  by  mere  mixture  with  ,the  soil  ^p.  454),  or  will 
increase  greaUy  the  effect  of  bones — we  must  obviously  seek  for 
some  other  principle  upon  which  to  account  for  the  effect  of  manures, 
besides  or  in  addition  to  the  proportion  of  nitrogen  they  contain.  It 
is  true  that  the  impure  or  refuse  whale  oil  used  for  composts  may 
contain  some  nitrogen,  but  we  can  scarcely  suppose  250  or  300  lbs. 
of  such  oil  to  hold  so  much  of  this  element  as  to  account  for  all  the 
effects  which  the  oil  is  said  to  have  produced, 

'  As  It  la  Bold  foi  mwuia  at  Puds  aod  elsBvihece,  p.  443. 
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While,  thea,  we  put  so  much  faith  in  theory  as  to  believe  that  suo- 
stances  which  contain  much  nitrogen  are  very  Ukely  to  prove  valua- 
ble manures, — we  muet  not  allow  oiiraelvea  to  he  ap  carried  away  by 
the  aimplicily  of  the  principle  as  to  beheve  either  that  tlieir  relative 
effects  upon  our  crops  may  be  always  estimated  by  the  proportion  of 
nitrogen  they  contain,  or  that  a  substance  may  not  largely  increase 
the  produce  of  our  iidds  in  which  no  nitrogeo  is-  present  at  all.  In- 
deed, the  effeclH.of-saline  aubatances  alone  are  eutBcient  to  satisfy  ua 
how  untrue  to  nature  this  latter  opinion  wftulil  be. 

§  9.  Of  the  drOpping-s  of.foTdB-^-^geons'dung,  and  guano. 

The  dropping  of  birds  form  one  of  the  moat  powerful  of  known  ma- 
"nores.  This  arises  in  part  from,  the  circumstances  that  in  the  econo- 
my of  birds  there  is  no  finEil  separation  between  the  liquid  and  solid 
excretions.     Both  escape  mixed  together  from  the, same  aperture. 

1°.  Pigeons'  dung  is  muck  prized  as  a  manure  wherever  it  can  be 
obtained  in  any  considerable  quantity.  In  Belgium  it  is  esteemed  as 
a  top-dreasing  for  the  young  flapt,  and  the  yearly  produce  of  100 
pigeons  ia  aoldfor  about  20s.  Ita  immediate  enect  depends  upori  the 
quantity  of  soluble  rnattei:  it  contains,  and  this  varies  much  accord- 
ing to  its  age  and  the  circumstances  under  which  it  has  been  pre- 
aerved.  Thus  Davy  (Davy's  Agricultural  Cheoiistrv,. Lecture  vl.j- 
and  Sprengel  obtained  respectively  of 

Recanl.  Six  monlhs'  old.  After  fpfmantaU^n. 

''p5.™"™g."?  =='^"r'lt        w'^lt  Bplt 

The  soluble  matter  consista  of  uric  acid  in  small  quantity,  of  urate 
sulphate,  and  especially  of  carbonate  of  ammonia,  common  salt,  anc. 
sulphate  of  potash ; — the  insoluble  chiefly  of  phosphate  of  lime,  with 
a  little  phosphate  of  magnesia,  and  a  variable  admixture  of  aand  and 
other  earthy  matters  ("Sprengel's  Lehre  vom  Dunger,  p.  140.)  When 
exposed  to  mcustiire,  the  pigeons'  dung,  especially  if  recent,  undergoes 
fermentation,  loses  a  portion  of  ita  aramoniacal  salt^  and  ftua  be- 
comes less  valuable.  When  it  is  intended  to  be  kept  it  should  be 
mixed  with  a  dry  vegetable  soil,  or  made  into  a  compost  with  earth 
and  saw  duat,  with  a  portion  of  piilverized  or  charred  peat,  or  with 
such  a  disinfectingcharooalaa  that  which. ia  employed  in  the  manu- 
facture of  the  animalized  carbon  above  described. 

2".  Sens'  dung  often  accumulates,  c^composes,  and  runs  to  waste 
in  poultry  yards,  when,  with  a  little  car^  it  xnight  be  collected  in 
considerable  quanlJliea. 

3°.  Oooae  dung  '•  is  leaa  rich  than  that  of  hena  or  pigeons,  because 
this  iDird 'feeds  lete  ijppn  grain,  and  derives  a  considerable  portion  of 
ita  nourishment  fVom  the  grass  which  it  crops,  when  aQowed  to  go  at 
liberty  over  the  fields.  Its  known  injurious  effects  upon  the  grass 
upon  which  it  falls  ariae  from  its  being  in  too  concentrated  a  state. 
In.  moist  wfeather,  or  where  rain  aoon  succeeds,  it  does  no  injury,  tmd 
even  when  in.  dry  weather  it  kills  the  blades  on  which  it  drops,  it 
bririgsTip  the  succeeding  slioota  with  increased  luxuiianoe. 

4°.  Soois'  dung  unites  with  the  leaves  of  the  trees  among  which 
they  live,  in  enriching  the  pasturebeiiealli  them.  In  old  rookeries  the 
soil  is  observed  aieo  to  be  slowly  elevated  above  the  surrounding  land. 
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This  surface  soil  I  have  found  tohe  espeoialljTichin  phofmhats  of  lime, 
which  has  gradually  accumulated  and  remained  in  it  while  the  volatile 
and  aolableparteofthedropgingaofthebirde  have  slowly  disappeai'ed. 

5°.  Guano  is  the  name  given  to  the  accumulated  dung  chiefly  of 
sea  birds,  which  is  found  upon  the  rocky  promontories,  and  on  the  isl- 
ands that  skirt  tile  coast  of  South  America,  irom  the  13th  to  tlie  21st 
degree  of  south  latitude.  In  that  part  of  America,  the  climate  being 
very  dry,  the  droppings  of  the  birds  have  decomposed  with  exceeding 
siowneEs,  and  upon  some  spots  have  continued  to  accumulate  for  many 
centuries,  forming  layers,  more  or  less  extensive,  of  10,  20,  and  at  cer- 
tain places  it  ia  said  even  60  (p.)  feet  in  tliiclmess.  In  some  places 
the  more  ahciewt  of  these  deposites  are  covered  bv.  layers  of  drift 
sand,  which  tend  further  to  preserve  them  from  decay.  In  our  moist 
climate  the  dung  of  the  sea  fowl  is  readily  washed  away  by  the.raans, 
BO  that  even  where  sea  birds  most  abound  no  considerable  quantity 
of  guano  can  ever  beexpected  to  collect 

The  solid  part  of  the  droppings  of  bjrds  iii  ffeijeral,  when  recent,  con- 
sisla  chiefly  of  uric  acid,  with  a  little  urate  ofammonia,  and  a.  variable 
per-oentage  of .  phospbaje  of  lime  and  other  saline  compounds.  The 
liquid  part,  like  the  urine  of  other  animals,  contains  much  urea,  with 
some  phf^hates,  sulphates,  and  chli>rides.  The  uric  acid,  and  urea, 
however,  gradually  undergo  decomposition,  and  are  changed  into  car- 
bonate and  other  salts  ofammonia.  If  applied  to  the  land  when  this 
fltage  of  decomposition  is  attained,  they  form  ah  active,  powerful,  and 
iirimediately  operating  manure ;  tut  if  allowed  to  rMnain  exposed  to 
the  air  for  ft  lengthenedperiodoftime,-the  salts  of  ammonia  gradually 
volatilize,  and  the  elHcaey  of  what  remains, becomes  greaUy  dimin- 
ished. ■  Hence,  the  guario  which  is  imported  into  this  country  is  very 
variable  in  quality,  some  samples  being  capable  of  yielding  only  7 
per  cent,  of  ammonia,  while  others  are  said  to  give  as  much  as  25 
per  cent.  Of  two  portions -taken  by  rayeeLf  from  the  same  box,  the 
one  contained  8  per  cent.  Snd  the  other  only  1}  per  cent,  of  sand, 
while  their  other  constituents  were  as  follows : — 


Water,  salts  of  ammonia, 

pelled  by  a  red  heat 23-5 

Sulphate  of  soda 

Common  salt,  with  a  Uttte 

phosphate  of  soda 

Phosphate  oflime;  with  alit- 

tle  phosphate  of  magnesia 

and  carbonate  of  lime ....      44'4 


Ammonia 

Uric  acid 0-8 

Water  and  carbonic  and  ox- 
alic acids,  Ac,  expelled 
by  a  red  heat.  ^ 51-5 

Common  salt,  with  a  little 
sulphate  and  phosphate 
of  soda 11-4 

Phosphate  oflime,  &c 29'3 


100  100 

On  the  other  hand.  Dr.  Ure  gives  the  following  as  the  average  re- 
sult of  his  analyses  of  genuine  guano.: — 

Organic  matter  containing  nitrogen,  including  urate  of  ammo- 
nia^  and  capable  of  affording  from  8  to  17  per  cent,  of  am- 
monia by  slow  decomposition  in  the  soil 50 

Water 11 


H,glc 


Phosphate  of  lime 

Ammonia,  phosphate  of  magnesia,  phosphate  of  an 

alate  of  ammonia,  containing  from  4  to  9  per  cent,  of  ammonia.       13 
Siliceous  matter  from  the  crops  of  the  birds 1 

100* 
Others  have  found  sand  in  much  larger  proportion  than  was  pre- 
sent in  the  samples  examined  by  myself— while  it  may,  I  think,  be 
taken  for  granted  that  very  httle  of  what  comes  to  this  country  is  so 
rich,  in  soluble  matter,  containing  ammonia  or  its  elements,  as  is  re- 
presented by  the  analyses  of  Dr.  Ure-t 

Variable  as  its  composition  is,  however,  there  is  now  no  doubt  that 
any  of  the  samples  yet  brought  into  the  English  market  may  be  ad- 
vantageously applied  as  a  manure  to  almost  any  crop.  From  the 
most  remote  period  guano  has  been  the  chief  manure  applied  to  the 
land  on  the  parched  shores  of  Peru— ajid  at  the  presenj  day  it  is  not 
only  employed  for  the  same  purpose  in  the  provinces  which  lie  along 
the  coast,  bnt  it  is  also  carried  across  the  desert  of  "Atacama  many 
leaffues  inland,  "  on  the  backs  of  mules  over  rough  mountain  paths, 
and  at  a  great  expense,  for  the  use  of  the  agricultural  districts  of 
Peru  and  Bolivia"  (Silliman's  Journal,  xhv.,  p.  10.)  ^Ithas  been 
estimated  that  a  hundreii  thousand  quintals  (the  quintal  is  equal  to 
lOli  lbs.  avoirdupois)  are,  at  the  present  day,  annually  sold  in  Peru. 
There  also  the  quantity  and  the  price  vary — the  recent  white  guano 
selling  usually  at  3s.  6d.,  the  more  recent  red  and  grey  varieties  at 
28.  3d:  per  cwt.  (Winterfeldt.)!  In  this  country,  th§  latter— the  oftly 
variety  yet  imported — sells  at  present  (1843)  at  about  10s,  a  cwt. 

In  regard  to  the  effects  of  guano  upon  various  crops,  many  import- 
ant experimental  results,  obtained  in  1843,  will  be  found  in  the  Ap- 
pendix, I  here  insert  a  few  of  the  more  important  of  tliese,  along 
with  somp  others  made  in  the  more  southern  counties,  which  appear 
to  be  highly  deserving  of  consideration,. 

Swedish  Tttmips. 

'°-£"r".°?:f  r.-  'I  fsB»-."rr~p-i.y. 

2=.  Farm-yard  dung,20    tons.     16    18  j 

Guano| 34  cwt       17      4  >PariBiiofWraxal,Someraet 

Bones ...32  bush.    15    17) 

lUe  eictemeiWB  of  four  differsni  i-ailoUes  of  eagle,  »8  deteimined  bj  Coindel  :— 

American  Americnn  Grand  Duko 

UtioseLd !m-79      "'       ""sfe*^   '       ^  'sf 69     "'       °    mi""' 

Ammnnia.., ...7*5  9-W  920  R-66 

Phosph^o  ofltme 2-36  076  8  16  2-r-i 

im  1D»  100  100(a) 

(n)6ineUpHani»«e*(fcr  ratmie,!!,  p.  1456. 


oiAgrioiUvTat  SOdel)/,  &■,  p,  301 
with  I  cwt.  of  charoDsl  poviSer. 


4S» 


ydlow  Turnips. 

Produce  per  aere. 
Top-diesaed  wkh  Ions,    cwl.  Locality, 

Guanot 5   cwt.  32      2) 

Rape-duBt 15    cwt  24  11  VBarochan,  near  Paieley. 

Bone-duat 30    buah.  17       2) 

Potatoes. 

1'^.  Guano 3    cwt.  18      9"j 

Rape-dust 1    toD  12      6    Barochan.  InalUheaecasea 

r1^-,=; ^Z  m      ^        the  manures  were  put  in 

^Zt^::::::-^  Ch.  'I  15    tZZ^otr^li:T 

Rape-dust 1    ton.      13       0  |      "^^  afterwards  added. 

Bone-dust 45    bush.  13    14  J 

As  a  fop-dreasing  to  the  yowng  potatoe  crop  at  Erskine,  in  1842,  one 
cwt.  of  guano  per  acre  produced  no  important  increase.  This  might, 
however,  he  owing  to  tlie  extreme  dryness  of  the  season  (Appendis, 
No,  ]X.) 

Wheat. 


1°.  Guano i    cwt.  48      0  )  Lennox  Love,  near  Had- 

Rape-dast 16    ewt.  51  0%     dington— 

Undressed 474     0  )  drought  very  great. 

"•aZ;.a::v.-:;.^~^  H  S^™-- 

'••ar...,::;:::.^"':"  S  i;5G.d,i„„.„Ay,. 

1°.  Guano 1    cwt.  46  15  J 

Nitrate  of  Soda. .  1    cwt.  51  18  [Erskine,  RenfrewsMre-H 

Undressed 44  4  ) 

y.  Guano li  cwt  45  0  ) 

Nitrate  of  Soda.,  li  cwt."  41  0  >  Seisdon,  Worcestershire.} 

Undressed 39  0) 

Barley. 

Guano 3    cwt  64  Oi„,^^.,„ 

Undrcaaed 47  15  ^^'^''an. 

Oats. 

[o.  Guano 2    cwt.  70  Oi  Lennox    Love,  near  Had- 

Undressed 52  0  ^      dington. 

3°.  Guano I    cwt  48  16  ) 

Nitrate  of  Soda.-  1    cwt  50  0  S  Erskine,  Eenfrewsliire- 

Undressed 49  0) 


nrlor  quaKIJ",  TicldingrSi  pe 


rliils 


Beans. 

Top-dressed  wilh  ftiish.         '        I^calHj- 

Guano .....3    cwt.  33n 

Rape-duBt.; 16    cwt.  35    I  Lennox  Love,  near 

Nitrate  of  soda. .  1    cwL  33    (     Haddington. 

Undre^ed 29iJ 

1°.  Guano li  cwt  1  '  18  ) 

Nitrate  of  Soda. .  IJ  cwt  2    10  fBarochan,  near  Paisley. 

Undressed 1       S) 

2°.Giiano :....  licwt.  2      21 

Nitrateof  Soda. .   1^  cwt        1     irjErskinc,  Renfrewshire. 


An  inspection  of  the  abo^e  results  app^rs  to  indicate  that  guano 
is  more  un^orml'if  successful  with  root  crops,  than  when  applied  as  a 
top-dressing  to  com  and  grass.  The  unusual  drought  which  pre- 
vailed in  1842  no  doubt  materially  itiminiBhed  ifa  action,  when  tised 
as  a  top-dressing— and  the  results  upon  the  corn  crops  in  a  more  moist 
season  may  probably  prove  more  generally  favorable  to  its  use  as  an 

Some  experiments  seem  already  to  indicate  that  the  favorable  fn- 
fluence  of  guaao  does  not  cease  with  tlie  first  season.  If  the  phos- 
phate of  lime  which  they  contain  operates  in  any  way  in  prolonging 
the  fertilizing  operation  of  bones,  the  large,. thSuwh  variable,  quanti- 
ty of  this  phmipjiate  contained  in  guano. should  render  this  latter 
substance  also  capable  of  pcnnaiienfly  improving  the  soil. 

By  exposare  to  the  air,  guano  gradually  gives  off  a  portion  of  its 
volatile  constituente ;  it  ought,  therefore,  to  be  kept  in  covered  ves- 
sels or  caslte.  It  also  in  our  climate  absorbs  moisture  from  the  air, 
and  therefore  should  be  pufcba'sed  as  soon  Eis  possible  after  importii.- 
tion.  When  applied  as  a  top-dressing  it  may  be  conveniently  mixed 
with  an  equal  weight  of  gypsum  or  wood  ashes — with  charcoal  pow- 
der, orwitii  fine  dry  soiL 

5  10.  Of  liquid  animal  manures — the  urine  of  man,  of  the  cow, 
..  the  korse,  the  sheep,  and  the  pig. 

The  following  table  .exhibits  the  average  proportions  of  water,  and 
of  the  soUd  organic  and  inorganic  matters  contained  in  the  urine  of 
man  and  some  other  animals  in  their  healtliy  state — and  the  average 
quantity  voided  by  each,  in  a  day: — 

Man 969*^'  Ts'l*  ""TS  °"  31  '  3  "lbs. 

Horse  ...940  27  33  60  3     " 

Cow 9S0  50  20  70  40t  " 

Pig 926  56  18  74  ? 

S!ieep...960  28  12  40  ? 

■  Alfred  Becquerel.  See  Thomson's  AmnuU  Chemiilry,  p.  477.  H  la  lobe  obserred  (ha! 
t  A  mUt  CSV  ToldB  lens  [han  (his  la  a  propoiliDn  lAlch  mries  with  the  qnanlUr  of  millc 

......  .,c;>H,3ic 
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Ofnatutal  liquid  manure,  the  most  important  and  valuable,  though 
the  most  neglected. and  the  most  wasted  also,  consists  of  the  urine  of 
man  and  ofthe  animals  he  has  domeeticated. 

The  efficacy  of  urine  as  a  manure  depends  upon  the  quantity  of 
solid  matter  which  it  holds  in  solutionj  upon  the  nalure  of  this  solid 
matter,  and  especially  upon  the  rapid  changes  which  the  organic 
part  of  it  is  known  io  undergo. 

The  numbers  in  the  ahove  tahle  show  that  iJie  urine  of  the  cow, 
estimated  hy  the  qoantity  of  Bolid  matter  it  contains,  is  more  valu- 
able than  that  of  any  other  of  our  domesitc  animals,  with  the  excep- 
tion of  the  pig.  But  the  quantity  voided  by  the  cow  must  he  so 
much  greater  than  by  "the  pig,  that  in  annual  value  the  urine  of  one 
cow  must  greatly  exceed  !hat  of  many  pigs. 

It  might  be  supposed  at  first  that  in  all  animals  tlie  quantity  of 
urine  voided  would  have  a  close  connection  with  the  quantity  of  water 
which  each  was  in  thehahit  of  drinking.  But  this  is  hy  no  means  the 
case.  Thus  it  is  the  result  of  experiment  that  in  man  the  drink  ex- 
ceeds (he  urine  voided  by  about  one-ltnth  part.only — while 

or  ivat»r  111  W  hoore.  or.urlrii  ii.  34  hours. 

A  horse,  which  drank        35  lbs.        gave  only        3  lbs. 
A  cow,   which  drank       132  lbs. .       gave  18  lbs.,  and 

19  lbs.  of  milk  (Boussingauit). 
IJow  very  leirge  a  quantity  of  the  liquid  they  drink  must  escape 
from  the  horse  and  the  cow  in  the  form  of  insensible- perspiration ! 
Tiiat  this  should  be  very  much  greater  indeed  than  in  man,  we  are 
prepared  to  expect  from  the  greater  extent  of  surface  which  the  bo- 
dies of  these  animals  present. 

Jjet  us  now,  examine  more  closely  the  composition  of  urine,  the 
changes  which  by-decompoeiflon  it  readily  undergoes,  and  the  effect 
of  these  changes  upon  its  value  as  a  manure. 

1°.  Oumanurine The  exact  composition  of  theurineof  ahealthy 

individual  in  its  u^ual  state  was  found  by  Berzelius  to  be  as  follows: — 
.... 933-0  Phosphate  of  soda. . 


Phosphate  of  amtaonia 

Common  salt 


and  of  fluoride  of  calcium,      V\ 


Water. 

Urea ; 

Uric  ficid 

Free  lactic  acid,  lactate  of 

ammonia ,    and    animal 

matter  not  separable...      17-1 
Mucus  of  the  bladder. .  "  " 

Sulphate  of  potash 

Sulphate  of  soda 

From  what  I  have  already  had  occasion  to  state  in  regard  to  the  ai, 
tion  upon  Uving  plants  of  the  several  sulphates,  phosphatee,  and  other 
saline  compouSs,  mentioned  in  the  above  analysis,  you  will  see  that 
the  fertilizmg  action  of  urine  would  be  considerable,  did  it  contain  no 
other  solid  constituents.  But  it  is  to  the  urea  which  esisis  in  it  in  very 
much  larger  quantity  than  any  other  sobstsmce,  that  its  immediate 
and  marked  action  in  promoting  vegetation  is  chiefl}^  to  be  ascribed. 
This  urea,  which  is  a  white  salt-like  si '    '  -  -  -  ^  ^-  -*■ 


D  Yiel, 

a.m. 


,ol,glc 


Carbon 20-0  per  c 

Hydrogen 66         " 

100 

It  is,  therefore,  far  richer  in  nitrogen  than  fieah,  blood,  or  any  of 
those  odier  richly  fertihzing  euhstances,  of  which  the  main  efficacy  is 
supposed  Co  depend  upon  the  large  proportion  of  nitrogen  they  contain. 

But  urea  poeeeaees  this  furBier  remarkable  property,  Uiat  when 
urine  begins  to  ferment, — as  it  is  known  to  do  in  a  few  days  after  it  is 
voided — it  changes  entirely  into  wirbonate  of  ammonia.*  Of  the  am- 
monia th.ua  formed  a  portion  soon  begins  to  escape  into  the  air,  and 
hence  the  strong  ammociaciU  odour  of  fermenting  urine.  This  escape 
of  ammonia  continues  for  a  long  period,  the  liquid  becoming  weaker 
and  weaker,  and  consequently  less  valuable  as  a  manure  every  day 
that  x>as3es.  Experience  has  shown  that  recent  urine  exercises  in  gen- 
eral an  unfavorable  action  upon  growing  plants,  and  that  it  acta 
most  beneficially  after  fermentation  has  freeiy  begun,  but  the  longer 
time  we  suffer  to  elapse  alter  it  has  reached  the  Hpe  state,  the  great- 
er the  quantity  of  valuable  manure  we  permit  to  go  to  waste. 

2°.  TAe  «M)ie  of  (/te  cow  has  been  antdysed  in  several  states  by 
Sprengelj  with  the  following  results  in  1000  parts  : — 

Freah.  Jo  [ho  open  air. 

Water 996'2  954'4  934-8 

Urea 40'0  lO'O  6'0 

Mucus 20  04  0'3 

Hippurio  and  lactic  acids. . .  6'1  7-5  6*2 

Carbonic  acid 2'1  1-7  15-3 

Ammonia 31  4-9  16'2 

Potash G-6  6-6  6-6 

Soda 5'5  5-5  5-6 

Sulphuric  acid 4'0  3'9  3-3 

Phosphoric  acid 0-7  0-3  1-5 

Chlorine -  2-7  2-7  2-7 

Lime 0  6  trace  trace 


Alumina,  oxide  of  iron,  and 
oxide  of  manganese _ 

1000  99S-2  &99-0t 

The  first  variety  of  fermented  urine  (A.),  had  stood  four  weeks  iu 
the  air  in  its  natural  state  of  dilution;  the  second  (B.),  had  been  mix- 
ed while  recent  with  an  equal  bulk  of  water— which  is  again  deducted 
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from  it  in  the  analysis —with  the  view  of  ascertaining  how  far  such 
an  admixture  would  tend  to  retain  the  volatile  ammonia  produced  by 
the  natural  decomposition  of  the  urea. 

All  inspection  of  these  tables  shows  three  facts  of  importance  to 
the  agriculturist — 

1°.  That  the  quantity  of  urea  in  the  urine  of  the  cow  is  considerably 
greater  than  in  that  of  man;  2°.  That  asHie  urine  ferments,  the  quan- 
tity of  urea  diminishes,  while  that  of  ammoiiiaincreaBea— owing,  as  I 
have  already  stated,  to  the  gradual  decomposition  of  ,t!ie  urea  and  its 
conversion  into  carbonate  of  ammonia;  and  3°.  *rhat  by  dilution  with 
an  equal  bulk  of  water  -the  loss  of  tbie  carbonate  of  ammonia,  which 
would  otherwise  naturally  take  place,  ia  in  a  considerable  deffliee  pre- 
vented. Tlie  quantity  of  ammonia  retained  by  the  urine,  after  dilu' 
tion,  was  in.  the  same  drcitmstanceg  nRorly  three  times  as  great  as  tehen 
it  was  alloieed  to  ferment  in  the  state  in  wMch  it  came  from  tlie  cow. 

But  e«en  by  this  dilution  the  whole  of  the  ammonia  is  not  saved. 
One  hundred  parts  of  urea  foria'by  their  decomposition  SSj  parts  of 
ammonia,,  and  as  36  parts  of  the  urea  in  the  urine  B.  had  disappear- 
ed, there  oiight  to  have  been  in  its  stead  19  parts  of  ammonia  in  ad- 
dition to  that  which  tlie  urine  contained  in  its  recent  state,  or  21  parts 
in  all — whereas  the  table  shows  it  to  have  contained  only  16  parts. 
Even  when  diluted  with  its  own  bulk  of  water,  therefore,  the  urine 
had  lost  by  fermentation  in  the  open  nir  upwards  of  one-fourth  of 
tlie  ammonia  produced  in  it  during,  t^at  period.  This  shows  the  ne- 
cessity of, causing  our  liquid  mariures  to  ferment  in  covered  cisterns, 
or  of  adopting  some  other  means  by  which  the  above  serious  loss  of 
tlie  most  valuable  cpiistttuents  may  be  prevented. 

3° .  The  v/rine  of  Gie  horse,  sheep,  and  pig,  have  not  been  so  care- 
fully analysed  aa  that  of  the  cow.  They  consist  essentially  of  tJie 
same  constituents,  and  the  speciiaens  which  have  been  examined 
were  found  to  contain  the  three  most  important  of  these  in  the  follow- 
ing proportions  r 

Water 940  960  926 

Urea 7?  28  56 

Saline  substances. .      53  12  18 

1000  1000  1000 

Some  of  tlie  saline  substances  present  in  the  urine,  as  above  stated, 
contain  nitrogen.  This  is  especially  the  case  in  the  urine  of  the  horse, 
so  that  the  quantity  of  urea  above  given  is  not  lo  be  considered  as  re- 
presenting the  true  ammonia-prodncingpower  of  the  urine  of  this  ani- 
mal. The  urine  of  the  pig,  if  the  above  analysis  iS' to  be  relied  upon  as 
any  thing  like  an  average  result,  is  capable  of  producing  more  ammonia 
from  the  same  quantity  than  that  gf  any  other  of  our  domestic  animals. 
511.  Of  ^e  waste  of  Ivptid  manure — of  urate,and  of  sul-pkated  urine. 
1°.  Waste  of  hwiaan  urine. — The  quantity  of  solid  matter  contain- 
ed in  the  recent  urine  voided  in  a  yeafliy  a  man,  ahorse,  and  a  cow, 
and  the  weight  of  ammonia  they  arc  respectively  capable  of  yielding, 
may  be  represented  as  follows : 
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Ctuanlity  nf  urine.    SoM  mailer,    eonlainine  of  utea.   And  jieldin^nf  ammonia. 

Man        1000  lbs.  67  lbs.  30  lbs.  17  lbs. 

Horse      1000    "  60    "  1  1 

Oow      13000    "  900    "  400    "  230*  " 

How  much  of  all  thiseoricliingmatter  is  permitted  to  run  to  waste? 
The  solid  substances  contained  in  urine,  if  all  added  to  the  land,  would 
be  more  fertilizing  ,than  guano,  which  now  sells  at  £10  a  ton.  If  we 
estimate  the  urine  of  ea«i  individual  on  an  average  at  onty  600  lbs., 
then  there  are  carried  into  the  common  seweTS  of  a  city  of  15,000  in- 
habitant, a  yearly  weight  of  600,000  pounds,  or  270  toos,  of  manure, 
which,  at  the  present  pnce  of  guano,  is  worth  £2700, — which  would  no 
doubl  prove  more  fertilizing  tM.n  its  own  weight  of  guano,  and  might  be 
ejected  to  raise  an  increased  produce  of  not  fess  tlmn  1000  qre.  of  grain. 

The  saving  of  all  this  manure  would  be  a  great  national  benefit, 
though  it  is  not  easy,  to  see  by  jyhat  means  it  could  be  eiFectoally  ac- 
complished. Wh-it  is  thus  carried  pff  by  tlie  sewera  and  conveyed 
ultimately  to  the  aia,  is  drawn  from  and  lost  by  the  land,  which  must, 
therefore,  to  a  certain  extent  be  impoverished.  Can  we  believe  that 
in  the  form  of  fish,  of  sea  tangle,  or  of  spray,  the  sea  ever  delivers 
back  a  tithe  of  the  enriching  matter  it. daily  receives  from  the  land  1 

2°.  Urate. — In  order  to  prevent  a  portion  of  this  waste,  the  practice 
has  been  introduced  into  some  large  cities  of  collecting  the'  urine,  add- 
ing to  it  one^eventh  of  its  weigfit  of  powdered  gypsum,  allowing 
the  whole  to  stand  for  some  days^  pouring  off  tlie  hquid  and  drjjing 
the  powder.  Under  the  neune  of  tirate  this  drypowder has beei5 high- 
ly extolled,  but  it  can  contain  only  a  small  portion  of  what  is '  really 
valuable  in  urine.  The  liquid  portion  poured  off  must  cpntain  most 
of  the  soluble  ammoniacal  and  other  salts,  and  even  were  the  whole 
evaporated  to  dryness,  the  gypsum  does  not  act  so  rapidly  in  fixing 
the  ammonia  as  to  prevent  a  considerable  escape  of  this  compound 
as  the  fermentation  of  the  urine  proceeds. 

3".  SulphaiRd  urine A  method  of  more  apparent  promise  is  that 

now  practised  by  the  Messrs.  TurnbuU  of  Glasgow,  of  adding  diluted 
sulphuric  acid  10  the  urine  as  the  ammonia  is  formed  in  it,  and  subse- 
quently evajwrating  the  whole  to  aryneas.  From  the  use  of  this  sub- 
stance very  favorable  resulte  may  be  anticipated.!  Still  none  of  these 
prejKirations  will  ever  equal  the  urine  itself,  part  qf  the  efficacy  of 
which  depends  upon  the  perfect  state  of  eoiuljon  in  which  all  the  sub-^ 
stances  it  contains  exist,  and  upon  the  readiness  with  -which  iil  this 
state  they  thake  their  way  .into  the  roots  of  plants. 

4".  Loss  of  cow's  urina. — When  left  to  ferment  for  five  or,  six  weeks 

■  The  numbers  Eitpn  abouE,  and  in  p.  460,  are  caloulaled  fiwm  (he  analyse  nf  rhe  urine 
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aloae,  and  with  the  addition  of.  an  equal  bulk  of  water,  the  urine  of 
the  cow  loses,  as  we  have  seen,  a  considerable  proportion  of  volatile 
matter,  and  in  these  several  states  will  yield  in  a  year — 

SuLrd  nuller.        Yleldini!  of  nrnmoiliii. 

Recent  urine 900  iba.  236  lbs. 

IVIixed  with  water,  after  6  weeks.,  850   "  200    " 

.  Unmixed,- after  e  weeks 550    "  30    " 

Those  who  BorupulouBlycolIectin  tanks  and  preserve  the  liquid  ma- 
nure of  their  stables,  cow-hoiisea,  and  fold-yards,  wil!  see,  irom  the 
great  lose  which  it  undcgoea  by  natural  fermentation,  the  propriety 
of  occaBionally  washing  out  their  cow-houses  h  ith  water,  and,  bjr  thus 
diluting  the  liquid  of  their,  tanks,  of  preserving  the  immediately 
operrttmg  constituents  of  their  liquid  manure,  from  escaping  into  the 
air.  Kven  when  thus,  diluted  it.  is  desirable  to  convey  it  on  to  the 
land  without  much  loss  of  time,  since  even  in  tliis  state  there  is  a  con- 
stant slow  escape,  by  which  its  value  ia  daily  diminished.  Gypsum, 
sulphate  of  iron,  and  sulphuric  acid,.are^by  some,  added  for  the  pur- 
pose ofJUcing  the,  ammonia,  but  Ib  addition  to  diluting  it,  aa  admis- 
ture  of  rich  vegetable  soil,  and  esjiecially  of  peat,  will  be  rnuch  more 
economical,  and — escepl  in  so  far  as  the  gypsum  ot  sulphuric  acid 
themselves  act  as  manures — nearly  as  effectual. 

Gut  these  remarks  apply  only  to  theiiquid  manure  whencollected. 
How  much  larger  a  waste  is  incurred  by  thos^  who  make  no  effort. to 
collect  the  urine  of  tbeir  cow-houses  or  stables  !  The  recent  urine  of 
one  cow  is  valued- in  Flanders — where  liquid  manures  are  highly  es- 
teemed— at  40s.  a  year.  It  contains  on  an  average,  as  we  have  seen, 
900  Iba.  of  solid  matter,  and  this  estimated  at  the  price  of  guano  only, 
is  wbrih  at  preaent  £4  sterUng.  Multiply  this  by  8  millions,  the  num- 
ber of  cattle  said  to  exist  ia  the  United  Kmgdom,  and  we  have  32  mil- 
lions of  pounds  sterling,  as  the  value  of  the  urine,  supposing  it  to  be 
worth  no  more  than  the  foreign  guaiio.  It  is  hnpossible  to  estimat$ 
howmulA.  of  this  runs  to  waste,  but  1-lOth  of  it  will  amount  to  nearly 
as  much  ps  the  whole  income-tax  recently  laid  upon  the  country.  The 
practical  farmer  who  uses  every  effort  tp  collect  and  preserve  the  ma- 
nure Which  nature  puts  within  his  reach,  is  deserving  of  praiae  when, 
he  expends  his  money  in.  the  purchHseof.manureabroiJght  from  a  dis- 
tance; of  whatever  kind  they  may  be;'but-l^ej  on  the  othef'hand,  is 
only  open  to  censure  who  puts  forward  the  purchase  of  foreign  ma- 
nures as  an  excuse  for  the  neglect  of  those  which  are  running  to 
wa?te  around  him.  Let  every,  stock  fanner,  witti  the  help  of  tile 
facts  above  slated,  malte  a  fair  calculation  of  what  i^  lost  to  himself 
and  to  the  country  by  the  hitherto  Unheeded  waste  of  the  urine  of 
his  cattle,  and  he  witt  be  able  clearly  to  appreciate  the  importance  of 
taking  some  steps  for  preserving  it  m  future. 
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5  19.  Of  solid  animal  manures — night  soil,  the  dung  of  the  eov,   trn 
horsB,  the  sheepf  and  the  pig: 

1°.  Night  soU  ia  in  general  an  exceedingly  ricli  and  valuable  ma- 
Dure,  but  its  disagreeable  odour  baa  in  most  countries  rendered  its 
use  unpopular  among  practical  men.  This  unpleasant  smell  may  be 
in  a  great  measure  removed  by  mixing  it  with  powdered  charcoal  or 
with  half-cliarred  peat,^a  method  which  isadopted  in  the  manufac- 
ture of  certain  artificial  manures,  duick-lime  is  in  some  places  em- 
ployed for  the  same  purpose,  but  though  the  smelt  is  thus  got  rid  ol] 
a  large  portion  of  the  volatile  ammonia  produced  during  the  decom- 
position of  the  mahui*  ia  at  the  same  time  driven  off  by  the  lime. 

In-  general,  night  soil  contains  about  three-fourths  of  its  weiglit  of 
water,  and  when  expired  tif  the'  air  undergoes  a  very  rapid  decompo- 
sition, gives  off  much  volatile  matter — consisting  of  ammonia,  of  car- 
bonic acid,  and  of  sulphiii-etied  and  pbosphuretied  hydrogen  gases — 
and  finally  loses  its  smell,  in  the  neighborhood  of  many  large  citjes,  the 
collected  night  soil  is  allowed  thus  naturally  to  ferment  and  lose  its  smell, 
and  is  then  dried  and  sold  for  manure,  under  the  name  of  poudrette. 
■But  by  this  fermentation  a  very  large  proportion  of  valuable  matter 
is  permitted  to  escape  into  tlie  air.  To  retain  this,  gypSum  or  dilute 
sulphuric  acid  may  ne  added  to  the  ni^ht  soil,, but  the. mnre  economi- 
cal and  generally  practicable  methodis  tomixitwith.earthrichin  ver 
gelable  matter,  witli  partially  dried  pe^tj  with'  saw-dust,  or  with  aomt; 
other  readily  accessible  absorbent  substance.  In  this  way  a  rich  arid 
fertilizing  compost  will  be  obtained,  which  willhave  little  smell,  and 
yet  will  retain  most  of  the  virtues  of  the  original  manure. 

Ia  Chiria'tbe  fresh  night  soit  is  bixed  up  with  day  and  formed  into 
cakes,  which  when  dried  are  sold  under  the  name  of  Tafib,  and  form 
an  extensive  article  of  commerce  in  the  neighborhood  of  thelarger  cities. 

The  composition  of  night  soil,  anji  coasequeiatly  its  value  as  a  ma- 
nure, varies  with  die  food,  and  with  many  other  circunMaiLCes-  (p.  470). 
The  excrements  of  a  healthy  man  were  found  by  Berzehua  lo  consist  of: 

Water 733  I  Mucilage,  fat,  aiid  other  ani- 

Albumen  . . . ,; 9  |      mal  matters. 167 

Bile 9    Ondecomposed  food 70 

SaUne  matter 13  |  "lOOO 

Of  the  excrement  when  freed  from  water  1000  parts  left  132  of  ash,  viz. 

Carbonate  of  soda 8  j  Phosphate  of  lime  and  magne- 

Sulphate  of  soda,  with  a  little         j      sia,  and  a  trace  6f  gypsum.  .10(1 

sulphate  of  potash,  and  phos-       I  Silica li> 

phate  of  soda S  |  J32 

3".  CJoio  di(n^forma,by  far  the  largest  proportion  of  the  animal  ma- 
nure wliich  in  modem  agriculture  is  at  the  disposal  of  the  praotioal 
farmer.  It  ferments  more  slowly  than  night  soil,  or  than  the  dung  of 
the  horse  and  the  sheep.  In  fermenting  jt  does  not  heat  much,  and  it 
gives  off  little  of  an  unpleasant  or  amraoniacal  odour.  Hence  it  acts 
more  slowly,  though  for  a  longer  period,  when  applied  to  the  soil. 

The  slowness  of  the  fermentation  arises  chiefly  from  the  smaller 
quantity  of  nitrogen,  or  of  substances  containing  nitrogen,  which  are 
present  in  cow  dung,  but  in  part  also  from  the  food  swallowed  by  the 
cow  being  lessperfectly  masticated  than  that  of  man  or  of  the  horse.  It 


is  a  consetiueiice  of  this  slower  ferine iitation,  tliat  the  sartie  evolution 
of  ammoniaoal  vapours  is  not  perceived  from  tlie  droppings  of  the  cow 
as  from  night  soil  and  from  horse  dung.  Yet  by  exposure  to  the  air,  it 
undergoes  a  eeosible  loss,  which  in  40  days  has  been  found  to  amount 
to  5  per  cent  or  nearly  one-fifth  of  the  whole  solid  matter  wliioh  re- 
cent cow  dung  containa.*  (GJazzeri.)  Althougii,  therefore,  the  compa- 
ratively slow  fermentation  as  well  aa  the  softness  of  cow  dung  fits  it 
better  for  treading  among. the  straw  in  the  open  farm.-yard,  yet  the 
serious  loss  wliich  it  ultimately  undergoes  will  satisfy  the  economical 
farmer  that  the  more  effectuafly  he  can  keep  it  covered  up,  or  tlie 
sooner  he  can  gather  his  mixed  dung  and  straw  into  heaps,  the  great- 
er proportion  of  this  valuable  manure  will  he  retain  for  the  futvire  en- 
ricliing  of  his  fields- 

3°.  Horse  dung  is  of  a  warmer  nature  than  that  of  the  cow.  It 
heats  sooner,  and  evolves  much  ammonia,  not  merely  because  it  con- 
taina less  water  than  cow  dung,  but  because  it  is  generoMi/  also  rich- 
er iu  those  organic  compounds  of  which  nitrogen  forms  a  constituent 
part.  Even  when  fed  upon  the  same  food  the  dung  of  the  horse  wiK 
be  richer  tlian  that  of  the  cow,  because  of  the  greater  proportion  of 
the  food  of  the  latter  which  is  discharged  in  tJie  large  quantity  of  urine 
it  is  in  the  habit  of  voiding  (p.  ,470). 

In  the  short  period  of  24  hours,  horse  dung  heats  and  begins  tosuf- 
fur  loss  by  fertnentatioa;  If  left  in  a  heap  for  two  or  three  weeks,  scarce- 
ly seven-tenths  of  its  original  weight  will  remain.  Hence  the  propriety 
of  early  removing  it  from  the  stable,  and  of  mixing  it  as  soon  as  possi- 
ble with  some  otn.er  material  by  wKch  the  volatile  substances  given 
offmay  beabsnrbed  and  arrested.  The  colder  Mid  wetter  cow  or  pig'a 
dung  will  auBwec  weii. for  .this  purpose,  or  soil  rich  in  vegetable  matter, 
or  peat,  or  saw-dust,  or  powdered  charpoa!,  or  any  other  absorbent  sub- 
stance which  can  readily  be  obtained— or  if  a  chemical  agent  be  pre- 
ierrei  moistened  gypsum  maybe  sprinlded  among  it,  or  diluted  sulphu- 
ric acid.  There  is  undoubtedly  great  loss  experienced  from  the  general 
npuiect  of  night  soil,  but  in  moat  cases  the  dungofttie  horse  might  also 
be  rendered  a  source  of  much  greater  profit  than  it  haa  hitherto  been. 

The  warmth  "of  horse  dung  fits  it  admirably  for  bringing  other  sub- 
stances into  fermwitation.  With  peat  or  saw-dust  it  will  form  a  rich 
compost,  and  to  soils  which  contain  much  inertvegetable  matter  it  can 
be  applied  with  great  advantage.  Horse  and  cow  dung,  in  the  diy 
stute,  have  been  subjected  to  ultimate  analysis  by  Boussiugaultf, 
(Ann.  de  Chim.,  Ixv.,  pp.  l32,  134,)  with  the  following  results ;— 

Carbon ""^"sS'?    "''''      ""^"43-8 

Hydrogen 5'1  5'2 

Oxygen 37'7  37-7 

Nitrogen 3'3  2-3 

Ashes J6;3  12-Q 

100  100 

Watert 300  566 

400  666 
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The  proportion  of  mtrogen  confained  in  the  two  mannree,  according 
to  these  results,  is  so  nearly  alilte— bang  in  reality  greater  in  the  cow 
dung — that  were  we  to  coneider  the  above  numbers  to  Fepresent  the 
Overage  constitution  of  the  droppings  of  the  horse  and  cow,  we  should 
be.compelled- to,  ascribe  the  difference  in  tlieir  quahtjes  solely  to  the 
different  statea  in  which  the  elements  exist  in  the  two,  and  to  the  pro- 
portions of  water  they  respectively  conttun.  But  the  nature  of  the 
food  and  other  circumstances  affect  the  qnahty  of  these  manures  so 
much  (p.  470J,  that  we  cannot  tm  yet  draw  any  general  conclusion 
from  the  results  obtained  in  one  special  case. 

4°.  Ptg^s  iung  is  still  colder  and  less  fermentable  t^an  t(iat  of  the 
cow.  It  is  characterized  by  an  exceedingly  unpleasant  odour,  which 
when  applied  to  the  land  alq  ;  it  irtiparts  to  the  crops,  and  especially 
to  the  root  crops  wbich  Eire  manured,  with  it;  Even  tobacco,  when 
manured  with  pig's  duag,  is  said  to'.be  so  much  tainted  that  the  leaves 
subsequently  colfected  are  unfit  for  smoking  [Sprengel,  Lehre  vom, 
Danger,  p.  38.]  It  is  a  good  manure  "for  hemp  and  other  crops  not 
intended  for  food,  but  is  best  employed  in  a  state  of  mixture  with  the 
other  manures  of  the  farm-yard. 

5°.  Sheep's  dung  is  a  rich  dry  manure,  which  ferraentalnore  readi- 
ly tJjan  that  of  the  cow,  but  less  so  than  that  of  the  horse.  A  speci- 
men .examined  by  Zierl  consisted  of— 

Water .., 68-0  per  cent. 

Animal  and  vegetable  matter 19-3        " 

Saline  matter,  or  ash 13-7        " 

100 

The  food  of  the  sheep  is  more  finely  masticated  than  that  of  the  cow, 
and  its  dung  contains  a  little  less'  water,  and  is  probably  richer  in  nitro- 
gen J  hence  its  more  rapid  fermentation.  When  crops  are  eaten  off 
by  sheep,  their  manure  is  more  evenly  spread  over  the  field,  and  is,-at 
the  same  fime,  trodden. in.  When  thus  spread  it  decomposes  more 
slowly  than  when  it  is  collected  into  heaps,  and  the  ammonia  and  other 
useful  products  of  the  decomposition  are  absorbed  in  great  part  by  the 
soil  as  Jhey  are  produced.  Those  soils  in  which  a  consideitlble  quan- 
tity of  vegetable  matter  is  already  present,  are  s«d  tobe  mtmt  bene- 
fitted by  sheep's  dung,  because  of^  the  readiness  with  which  they  ab- 
sorb the  volatile  matters  it  so  soon  begins  to  give  off. 

Sheep's  dung  is  said  to  lengthen  the  straw  of  the  corn  crops,  and 
to  produce  a  grain  rich  ia  gluten — and  unfit  therefore  for  seed,  for  the 
manufacture  of  starch,  or  for  the  purposes  of  the  brewer  and  the  dis- 
tiller (Sprengel.)  It  may  be  doubted,  however,  whether  these  can  as 
yet  be  safely  considered  as  the  universal  effects  of  sheep's  dung  upon 
every  soil,  and  when  the  animals  are  fed  upon  every  kind  of  food; 
§  13.  Of  the  quantity  of  mamire  produced  from  the  same  kinds  of 
food  hy  the  horse,  the  cow,  and  the  sheep. 

The  carefully  conducted  experiments  of  Block  give  .the  foUowing 
as  the  total  quantities  of  manure,  solid  and  liquid,  produced  from  100 
lbs.  of  the  different  kinds  of  food  hy  the  cow,  the  fiorse,  and  the  sheep. 
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Rye —    _      213     53        ~      —  75 

Onis ; _    _      804     51        —      —  75 

Rye  and  oiJierslrawsf  chopped)  3fi8    43        lt>8      ^       117      40        66  lo  84 

Uey.. ._ 375    ii       ITS     43      lai      42       do.    do. 

Pototoes  (oontamiiig  73  per  et. 

of  water) 8711*       —      —        38      13       do.    do. 

Turnips  (containing  75  per  cent 

ofu-arer) 37i    fi       —      —        —      _  Si 

Carrota  (87  per  cent  of  water)  37*    6       — ,     —        —      —  84 

Green  Clover  (79  perct.  watBr)  65f     9j      —       —         —       —  86 

AriisrSUaye,  ADeril weeks.  AnerSweeks. 
Ilye  Straw  (uaad  for  beddihg)  338    90      263     97      S06      95       54(oe4 

One  important  theoretical  result  is  presented  in  tliis  table — that 
theiruiaure  voided  by  an  om/mal  contavns  very  mitcit  less  solid  matter 
than  the  food  it  has  consumed.  We  shall  preaentty  see  how  this  tact 
is  to  be  explained  f  p.  473),  and.at  thesame  time,  wlial  light  it  throws 
upon  the  qiiaMhj  of  the  manure  produced. 
The  most  valuable  practical  results  from  the  above  esperimeots  are— - 

1°.  That  for  100-lbs.  of  dry  fodder  the  horse  or  cow  wiU  give  on 
au  average  216  lbs.  of  fresh  or  46  Ibe.  of  dry  manure— tile  sheep  133 
ibs.  moist  or  43  lbs.  dry. 

2°.  That  root  crops,  on  an  average,  give  about  half  their  weight 
of  fresli  or  one-twelfth  of  dry  manure — the  potatoe  giving  more  and 
the  turnip  less. 

3°.  That  green  crops  give  about  half  their  weight  of  fresh  or  one- 
eigiith  of  dry  manure. 
5  14.  Of  the  relative  fertilizing  milues  of  different  animal  excretiom. 

i".  The  theoretical  value  of  different  animal  excretions  calculated 
solely  from  the  quantity  of  nitrogen  which  the  speciroens  examioed 
were  found  respectively  to  contain,  is  thus  givenby  Payen and Boub- 
aingault.  The  numbers  opposite  to  eadisubstance  indicate  the  weights 
of  that  substance  wliich  ought  to  produce  an  equal  elfect  with  100  lbs. 
of  farm-yard  manure  in  the  receut  and  in  the  dry  sfatea  ;— - 

in  ihe  rtry  sl«te.       artiftclslly  dMefl. 

Farmyard  dung 100  lbs.  100  lbs. 


Horse... 73  ^<  88  ' 

Mixed  excrements  of  the — Pig 63  "  68  ' 

Horse 54  "  64-  ' 

36  "  65  I 


Pigeon 5    " 

Poudretle lOl  "  44    " 

Another  variety    26    "  73   " 

-I  in  any  case  to  be  placed  upon  the  princi- 
:S  solely  by  the  proportion  of  nitrogen  they 
n  (pp.  441  &  454) — mucli  less  can  we  depend  upon  the  order  of 
value  it  assigns  to  aubatancea  the  composition  of  which  is  liable  to 
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constant  change  from  the  escape  of  (hose  volatile  compounds  in  which 
the  nitrogen  principally  Exists. 

2°.  A  Beries  of  experiments  made  by  HermhetSdtiipon  the  quantity 
of  grain  of  different  liiode,  raised  in  the  same  circumstances  hy  eijual 
weights  of  different  manures,  gave  the  following  results  : 

Manure  applierl.  Whsai.        Barley,         Oais.  Rye. 

Oxhlood U 

Nightsoil — 

8-heep'a  dung .13  15  U'        13 ' 

Hiattianurine —  13i         13  13 

Horsedung 10  13  U  11 

Pigeon  dung —  10  12  9 

Cow  dung 7  11  16  9 

Vegetable  matter. . . : 3  7  13  6 

Unmaaured. . . .: —  4  5  4 

If  the  reeiilta  contained  in  this  table  were  to  be  depended  upon,  it 
would  appear  that,  ia  so  far  as  the  quantity  of  the  produce  is  concern- 
ed, these  manures  severally  exercise  a  special  action  upon  certain 
crop! — that  nightrEoilj  for  ^xampb,  is  most  propitious,  to  rye,  cow 
dung  to  oats,  and  sheep's'dung  to  barley  and  wheat.  And  tlie  latter 
fact  would  seem  at  once  to  justify  and  to  recommend  the  eating  off 
with  sheep  preparatory  to  either  of  the  latter  crops. 

None  of  these  kinds  of  manure,  however,  is  constant  in  composition, 
and  the  following  observations  will  satisiy  you  that  implicit  reliance 
aught  not  to  be  pjaced  either  upon  the  relative  practical  values  of  the 
difierent  animal  manures  as  they  appear,  in  the  latter  table,  nor  on 
their  theoretical  values  as  esMhited  m  the  former. 
J 15.  Influence  of  circwmatancea  on  the  acALiTT  of  animal  manures. 
The  quality  of  the  droppiijgs  of  animals  considered  ai 


a  by  a  great  varie^  ._.  _.  .         .    ._ 

1°.  By  t!ie  kind  of  food  upon  wkicl^the  ammaiisfed.-^Tbaamght 
—•'  •'  "■""e  valuable  in  those  countries  and  districts  in  which  much 


flesh  meat  is  consumed,  than  where  vegetable  food  forms  theprincipal 
diet  of  the  people.  It  is  even  said  by  Sprengel,  that  in  the  neighborhood 
of  HildeBheira  the  formers  give  a  higher  price  for  the  house  manure 
of  the  Lutheran  than. for  that  of  the  Roman  Catholic  families,  because 
of  the  numerous  fasts  which  the  latter  are  required  to  observe.  (XjehTe 
WMn  Ohng&r,  p.  142.)  Every  keeper  of  stock  also.knows  that  flie  ma- 
nure in  his  farm-yard  is  richer  when  he  is  feeding  his  cattle  upon  oil- 
cake, than  when  he  gives  them  only  tlie  ordinary  produce  of  his  farm. — 
1^12  loads  of  the  dung  of  animals  fed  f  while  f£(ttening)  chiefly  upon  oil- 
cake was  found  to  give  q,  greater  produce  than  24  loSis  from  stwe  stock 
fed  in  the  straw  yard. — Cojnpfeie  Grazier,  6th  edit,  p.  103.] 

2°.  By  tlie  quantity  qfurijie  voided  by  the  animal. — Upon  the  unlike 
quantities  of  urine  t&ey  produce  appears  mainly  to  dependthe  unUke 
richness  of  the  dung  of  the  horse  and  of  the  cow..  The  latter  animal, 
when  Hill  grown  and  not  in  milk,  voids  uenrly  13  times  as  niuch  urine 
as  the  former  (p,  460),  and  though  an  equal  bu]k  of  this  urine  is  poorer 
in  solid  matter,  yet  the  whole  quantity  conlaina  several  limes  as  much 


..Ckxn^lc 


471 

aa  IS  present  in  that  of  the  horse.  But  if  the  cow  discharges  more  in 
ila  urine  it  must  void  less  in  its  solid  excretions.  Hence,  supposing  iJie 
food  of  a  full-grown  horse  and  of  a  cow  to  be  vety  nearly  the  same, 
the  dung  of  the  former — the  leas  urine-giving  animal— inust  be  Uie 
richer,  tSe  warmer,  and  the  more  valuable — as  it  ia  really  known  to  be. 

3".  By  the  amount  ofexercUe  or  labor  to  -whic/t  the  animal  is  sub-' 
jected. — The  greater  the  fatigue  Co  which  an  animal  is  subjected  the 
richer  the  urine  is  found  to  be  la  those  compounds  (ureachieny)  which 
yield  ammonia  by  their  decomposition  (Prout).  The  food  of  two 
animals,  therefore,  being  the  jsame — other  things  also  being  equal — 
■Uie  solid  excretions  willbe  richer  and  more  fertilizing  in  that  which 
ia  kept  ia  the  stall  or  fold-yard,  the  urine  in  that  which  is  worked  in 
the  open  air  or  pastured  i^  the  field. 

4°.  By  the  state  of  growth  to  which  the  animal  has  arrived. — A 
full-grown  animal  has  only  to  keep  wp  ite  weight  and  condition  by  the 
food  it  eats.  Every  thin^  which  ia  not  necessary  for  this  puipose, 
thereibre,  it  rejects  either  in  its  solid  or  in  its  liquid  excretions.  A  young 
animal,  oil  the  other  hand,  adds  to  and  increases  its  bone  and  muecle 
at  the  expense  of  its  food.  It  rqepta^  therefore,  a  smaller  proportion 
of  what  it  eats.  Hence  the^  manure  in  fold-iyarda,  where  young  cattle 
are  kept  ia  always  less  rich  than  where  full-grown  animals  are  fed. 

5".  By  tlte  parposefdr  mhich  the  animal  is  fed. — Is  it  to  be  im- 
proved in  condition  ?  Then  the  food  must  supply  it  with  the  mate- 
rials for  increasing  the  size  and  strength  of  its  muscles — with  albu- 
men, or  fibrin,  or  other  substances  containing  nitrogen.  In  suchsub- 
Btancea,  therefore,  or  in  nitrogen  derived  from  them,  the  droppings 
must  be  poorer,  and  as  a  metnure,  less  valuable. 

Is  the  animal  to  be-  fattened  7  Then  its  food  must  supply  fatty  mat- 
tera,  or  their,  elements,  of  which  nitrogen  ibrms  no  part  All  the  ni- 
trogen of  the  food,  therefore,  will  paaa  off  in  the  excretiOna,  and  hence 
the  richest  manure  yielded  at  any  f inie  by  the  same  species  of  ani- 
mal ia  that  which'^is  obtained  when  it  is  full-grown,  and,  being  large- 
ly fed,  ia  rapidly  fattening. 

Is  the  cow  kept  for  its  milk  t  Then  the  milk  it  yields  is  a  dfuly 
drain  upon  the  food  it  eats.  [Wliatever  passes  into  the  lidder  is  lost 
to  the  dung,  and  hence,  other  things  being  equal,  the  dung  of  a  milk 
cow  will  be  leaa  valuable  to  the  farmer  than  that  of  a  full-grown  ani- 
mal from  which  no  milk  ia  expected,  or  than  tliat  of  tiie  same  animal 
when  it  is  only  laying-on  fat. 

6°.  By  the  length  ^  tithe  during  viKieh  the  manure  has  been  kept. — 
In  24  houra,  as  tve  have  aeen,  the  dung  of  the  horae  begins  to  fer- 
ment and  to  lessen  in  weight.  All  rich  manures  in  like  manner — the 
dung  of  all  animals  especially — decompose  more  or  less  rapidly  and 
part  with  their  volatile  colistituenta.  The  value  we  assign  to  them 
to-day,  therefore,  will  not  apply  to  them  tB-morrow,  and  hence  the 
droppings  of  the  same  animal  at  the  SEune  age,  and  fed  in  the  same 
way,  wiTl  be  more  or  less  valuable  to  the  ftiraier  according  to  the 
leaigth  of  time  during  which  they  liave  been  permitted  to  ferment 

7".  Lastly.  By  the  way  in  which  the  manure  has  b^n  preserved. — 
The  mixed  dung  of  the  farm -yard  must  necessarily  be  less  valuable 
where  the  liqul  i  c.anure  is  allowed  to  run  olf — or  where  it  is  permitted 
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to  stand  in  pools  and  ferment.  Twenty  cart-loada  of  such  dungmay 
hasten  the  growth  of  the  turnip  crop  in  a  less  degree  than  half  the 
weight  will  do,  where  the  liqtud  manure  has  been  carefully  collected 
and  returned  upon  the  heaps — to  hasteii  and  complete  their  fermenta- 
tion, and  to  aaturate  them  with  enriching  matter. 

Since,  then,  the  quality  or  richness  ofthe  dung  ofthe  same  animal  ia 
liable  to  be  affected  by  so  many  circumstances — ;it  ia  obvious  that  no 
accurate  general  conclusions  can  be  drawn  in  regard  to  its  precise 
fertilizing  virtue  when  applied  to  thia  ov  to  that  crop,  qr  to  its  relative 
fertilizing  value  when  compared  with  equal  weights  of  (he  dung  of 
other  ammals.  The  results  obtained  in  one  set  ofanalyses,  as  in  that 
of  Boussingault,  or  in  one  series  of  practical  experiments,  as  in  that 
of  Hermbstadt  (p,  470),  will  not  agree  with  thoae  obtained  in  any 
other — because  the  substances  themselves  with  which  our  different 
experiments  are  made,  though  called  by  the  same  name,  are  yet  very 
unlike  in  their  chemical  properties  and  composition. 

5  16.  Of  the  cHanges  lehtck  the  food  undergoes  in  passing'  through 
the  boduB  of  animals. 

It  is  the  result  of  long  experience  that  vegetable  matter  is  more 
sensibly  active  as  a  manure,  after  it  has  passed  through  the  body  of  aii 
animal,  than  if  applied  to  the  land  in  its  unmasficated  and  nndi^ested 
state.  In  becommg  animalized,  therefore — aa  it  has  been  called — 
vegetable  substances  have  been  supposed  to  ondergo  some  mysteri- 
ous, because  not  very  obvious  or  intelligible,  internal  change,  by  which 
this  new  virtue  is  imparted  to  them.  Yet  the  change  is  very  simple, 
and  when  explained  is  not  more  satisfactory  than  it  is  beautifuL 

You  will  recollect,  afi  I  have  already  stated  to  you  (p,  469),  that 
thetoeight  of  dry  manure  voided  btf  an  animalisMways  considerably 
less  than  (hat  of  the  dry  food  eaten  by  it.  Upon  the  nature  and 
amount  of  this  loss  whi^  the  food  undergoes  depends  the  quality  of 
the  manure  oblained. 

This  you  'will  readily  comprehend  from  the  following  statement : 

1°.  Every  thing  which  erilera  into  the  body  in  the  form  of  food  must 
escape  from  the  body  in  otie  or  other  of  three  different  forme.  It  muat 
be  breathed  outfromtheliings,perspiredby  theskin,orrejectedinthe 
Bolifl  or  liquid  excretions.  We  have  ah^ady  seen  (Lee.  VIII.,  §  3), 
that  the  function  of  ^e  lungs  is  to  give  off  carbon  in  the  form  of  car- 
bonic acid,  while  they  drink  m  oxygen  from  the  air — and  that  the  qixin- 
tity  of  carbon  thus  given  off  by  a  healtliy  man  varies  from  6  to  13  or 
more  ounces  in  the  24  hours.  Prom  the  skin  also  carbon  escapes  along 
with  a  small  and  variable  proportion  of  saline  matter.  The  weight 
of  carbon  given  off  by  the  •kin  has  not  been  accurately  ascertained. 
Let  us  leave  it  out  of  view  for  a  moment,  and  consider  solely  the  ef- 
fect of  respiration  upon  the  nature  of  the  solid  and  liquid  excretions, 

Suppose  a  heatthy.man,  taking  a  moderate  degree  of  exercise,  to 
give  off  from  his  lungs  6  ounces  of  carbon  in  24  hours,  and  to  eat 
during  the  same  tune  2  ibs.  :if  potatoes,  half  a  pound  of  beef,  and 
half  a  pound  of  bread.    ThSa  he  has  taken  in  his  food — 


In  the  potatoes 1716  grs.  47  gra.  196  grs. 

Intliebread 1004    "  34    "  22    " 

Inthebeef. 790    "  120   ■'  35   " 

3510  grs.  201  grs.  253  gre. 
And  he  has  given  off  in  reepiration  2625    " 
Leaving  to  be  rejected  sooner  or 


In  this  supposed  case,  therefore,  the  carbon,  nitrogen,  and  saline 
matter  were  to  each  other  nearly  as  the  numbers 

35°"'        '  3  °"    °  "2"    "■  in  tlie  food, 
and  as  9  2  2t  in  the  excretions : 

Or,  in  other  words,  the  carbon  being  in  great  part  sifted  out  of  the 
food  by  the  lungs,  the  excretions  are  necessanly  much  richer  iii  ni- 
troeen  and  in  s^ine  matter,  leeightfor  weight,  than  the  mixed  vege- 
table and  animal  matters  on  which  the  man  liaa  lived. 

But  the  immediate  and  most  sensible  action  of  animal  and  vegetable 
eubetances,  as  manures,  depends  upon  the  proportion  of  nitrogen  and  sa- 
line matters  they  contain.  This  proportion,  then,  being  greater  in  the  es- 
cretioas  than  in  the  crude  vegetables,  tbe  cause  of  the  higher  estimation 
in  which  the  former  are  held  by  the  practical  farmer  is  sufficiently  clear. 

2°.  In  the  above  case  I  have  supposed  the  allowance  of  food  to  be 
such  only  as  a  person  of  sedentary  habits  would  consume,  and  tbe 
quantity  of  carbon  given  off  from  the  lungs  to  be  such  as  his  habits 
would  occasion.  But  if  the  weight  of  carbon  given  off  from  the  iunga 
and  skin  together  amount,  a?  it  often  does,  to  15  ounces,*  the  quantity 
of  food  must  be  greatly  increased  beyond  tbe  quantity  I  have  stated, 
if  the  health  and  strength  are  to  be  sustained.  By  such  an  increase 
of  food — the.  carbon  being  removed  by  respiration — the  proportion  of 
nitrogen  and  of  saline  matters  in  the  excretions  may  be  still  further 
increased,  or  as  manures  they  may  become  stil!  richer  and  nigre  IM- 
mediatety  ferliUzing. 

3°.  Let  me  present  to  you  the  results  of  an  actual  experiment  made, 
by  BouBsingauIt  upon  a  horse  fed  with  hay  and  oats— and  of  which 
both  the  food  and  the  excretions  were  carefully  analysed. 

In  24  hours  the  horse  consumed — 

Hay,  I61  Ibs.,t  containing 45,500  grs.  1,500  grs.    8,960  grs. 

Oats,  5  lbs 15,000    "        650    "       1,180   " 

Total  in  the  food 60,500  "     2,150    "    10,140'" 

And  gave  off  from  the  lungs  &  skin  37,960  " 

Leaving  to  be  rejected  in  the  ex- 
cretions   32,540  «     3,150    "    10,140   " 

While  there  was  actually  found  in 

Ihemixeddung 22,540  "     1,770    "    10,540" 

healHiy  man,  lokins  modcralc  exorcise,  bI  13-93  ounoos  (Hessian),  or  1SJ|  ounces  a.TOirdu- 
tBachcomalnlngataulltpt;  Mnl,  of  water,— J?m(j(cs  ds  3™  Mcfe  PSi/s.,Ij[xi.,p.  13B. 
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In  ihis  case,  then,  the  carbon,  nitrogen,  and  saline  matter  weie  con- 
tained in  the  proportion  of— - 

Carbon.  Nilrogen.  Saline  mallf  r. 

28  1  5    iu  the  food, 

and  of  lOi  1  5    in  tlie  dung ; 

The  analysis  of  the  dung  itself  proving  that  in  passing  through  the 
body  of  an  animal,  the  food — 

a  diminiehes  very  conaiderahly  in  weight ; 

b  losing  a  large  but  variable  proportion  of  ita  carbon, 

c  but  parting  witli  scarcely  any  of  its  nitrogen  and  saline  matter — 
and  therefore 

d  that  the  fertilizing  virtues  of  the  dung  above  that  of  the  food  of 
amianis— weight  for  V>eigM— depends  mainly  upon  the  larger  pro- 
portion of  these  two  constituents  (the  nitrogen  and  (he  saline  matter) 
which  the  dung  contains. 

I  have  only  further  to  remind  you  upoa  this  subject,  that  the  state 
of  combinatioii  also  in  which  the  nitrogen  exists  in  the  excretions  has 
a  material  influence  in  rendering  their  action  more  immediate  and 
sensible  than  that  of  unchanged  vegetable  matter.  It  paesM  off  for 
the  moat  part  in  the  form  of  urea^  which  is  rfesolved  into  ammonia  and 
its  compounds  more  rapidly  than  the  albumen  of  the  dried  or  even  of 
the  recent  plant,  and  is  thus  enabled  sooner  to  exert  an  appreciable 
iniluence  upon  tie  growing  crop. 

§  17.  OffaTm-yard  manure,  and  of  the  state  in  which  if  might 
to  be  appUed  to  the  lamd. 

The  manure  of  the  farm-yard  ^consists,  for  the  most  part,  of  cow- 
dung  and  straw  mixed  and  trodden  together,  in  order  that  the  latter 
may  be  brought  into  a  state  of  decomposition.  In  the  iniproved  hus- 
bandry, where,  green  crops  are  esteneively  grown  and  many  cattle 
are  kept,  the  horse-dung  forma  only  a  small  proportion  of  the  whole 
manure  of  the  farm-yard. 

On  an  average,  the  quantity  of  recent  manure  obtained  in  the  farm- 
yard amounts  to  a  httle  more  than  twice  the  weight  of  the  dry  food  of 
the  cattle  and  of  the  straw  spread  in  the  farm-yard  or  in  the  sfables 
(p.  469).  That  is  to  say,  for  every  10  cwt.  of  dry  fodder  and  bedding, 
30  to  23  cwt.  of  fresh  dung  maybe  calculated  upon.  But  if  green 
clover  or  turnips  (every  100  lbs.  of  which  contain  from  70  to  90  lbs. 
of  water)  be  given  to  tlie  cattle,  an  allowance  must  be  made  for  the 
'   '  ■     "  .-.,--■  'd  be  expected 

d  fodder  only. 

But  the  recent  manure  loses  weight  by  lying  in  the  farm-yard.  The 
moisture  evaporates  and  volatile  matters  escape  by  fermentation.  By 
the  time  that  the  straw  is  half  rotten  this  loss  amounts  to  onefourlh  of 
thewhole  weight,  while  the  bulk  is  diminished  one-half.  If  allowed  to 
lie  still  longer  the  loss  increases,  till  at  length  it  may  approach  to  one- 
half  of  the  whole,  leaving  a  weight  of  dung  little  greater  than  that  of 
the  food  and  straw  which  have  been  consumed.     The  weight  of  co 
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10  cwt.  of  dry  food  and  straw  yield  of  recent  dung  33  to  25  cwt. 

At  the  end  of  six  weeks 21  cwt. 

After  eight  weeks 20  cwt 

When  half-rotten ..IS  to  17  cwt 

When  fully-rotten IlO  tol3cwt.* 

These  quantities,  you  will  observe,  are  supposed  to  be  obtained  in 
the  common  open  farm-yards,  with  the  ordinary  slow  process  of  fer- 
mentation. An  improved,  quicker,  or  more  economical  mode  of  fer- 
menting the  mixed  dung  and  straw  may  he  attended  with  less  loas 
and  may  give  a  larger  return  of  rich  and  fully-rotten  dung. 

A  knowledge  of  these  facts  shows  clearly  wliat  ia  the  most  eco- 
nomical form  in  which  farm-yard  mamire  can  heapphed  to  the  land. 

1°.  The  more  recent  the  manure  from  agivenqoantity  of  foodand 
straw  is  ploughed  in,  the  greater  the  quantity  of  organic  matter  we 
add  to  the  land.  When  the  only  object  to  he  regarded,  therefore, 
is  the  general  enriching  of  the  soil,  this  is  the  most  economical  and 
the  most  expedient  form  of  employing  ferni-yard  manure. 

2°.  But  where  the  soil  is  already  very  light  and  open,  the  plough- 
ing; in  of  recent  manure  may  make  it  stdl  more  ab,  and  may  thus  ma- 
terially injure  its  mechanical  condition.  In  such  a  case  the  least  of 
two  evils  must  be  chosen.  It  may  be  better  husbandry — that  is,  more 
economical — to  allow  the  maniu:e  to  ferment  and  consolidate '  in'  the 
farm-yard  with  the  certEdnty  of  a  considerable  loss,  than  to  diminish 
the  solidity  of  the  land  by  ploughing  it  in  m  a  recent  state. 

3°.  Again— in  the  soil,  a  fermentation- and  decay  similar  to  that 
which  t^ea  place  in  the  farm-y^rd  will  slowly  ensue.  The  benefit 
which  generally  follows  from  causing  this  fermentation  to  take  place  in 
the  field  rather  than  in  the  open  vard  is,  that  the  producte  of  the.decom- 
position  are  taken  up  by  tlie  soil,  and  thus  waste  is  in  a  great  measure 

Srevented.  But  in  very  light  and  open  soils,  this  absorption  of  tlie  pro- 
dcts  of  decay  does  not  tafe  place  so  completely.  The  rains  wash  out 
some  portlonsj  while  others  escape  into  the  air,  and  tlius  by  burying  the 
recent  manure  in  such  soils,  less  of  that  waste.is  prevented  which  when 
left  in  the  open  air  it  ia  sure  to  undergo.  It  may  even  happen,  in  some 
cases,  that  the  waste  ia  such  a  soil  will  not  be  greatly  inferior  to  that 
which  necessarily  lakes  place  in  the  farm-yard.  The  practical  man, 
therefore,  may  question  whether,  as  a  general  rule,  it  would  not  be  safer 
in  farming  very  light  arable  lands,  to  keep  hia  manure  in  heaps  till  it  is 
well  fermented,  and  to  adopt  those  means  for  preventing  Waste  in  the 
heaps  themselves  which  science  and.practical  skill  point  out  to  him. 
It  may  be  regarded  indeed  as  a  prudent  and  general  opinion  to  hold 
— one,  however,  which  must  not  he  maintained  in  regard  to  any  par- 
ticular tract  of  land  in  opposition  to  the  results  of  eiSightened  expe- 
rience— that  recent  farm-yard  manure  (long  dung)  is  not  suited  tji 
verv  light  soils,  because  it  will  render  them  etill  lighter,  and  because 
m  them  the  manure  may  suffer  almost  as  much  waste  as  in  the  farm- 
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yard ; — and,  therefore,  that  into  such  soils  it  should  be  ploughed  in 
the  compEict  state  (short  dung')i  and  aa  short  a  time  as  possible  be- 
fore the  sowing  of  the  CFop  which  it  is  intended  to  benefit. 

4°.  But  upon  loamy  and  clay  soils  the  contrary  practice  is  recom- 
mended. Such  soils  will  not  be  injured,  theymay  even  be  benefitted 
by  the  opening  tendency  of  the  unfennented  straw,  while  at  the  same 
time  the  products  ol'  ila  decomposition  will  be  more  completely  re- 
tained— the  land  conseguehtlv  more  enriched,  and  the  future  crops 
more  improved  by  it.  On  sucn  soils,  the  recent  dung  ploughed  in,  m 
the  autumn,  has  been  found  greatly  more  infiuential  upon  the  crops 
of  corn  which  followed  it,  either  ia  winterer  in  sprina  thanaprajwc- 
tumal  i^uaaljty  of  well  fermented  manure;  By  sudi  treatment,  in- 
deed, the  whole  surfiite  soil  isconverted  into  a  layer  of  compost,  in 
which  a  slow  ferrrtentation  proceeds,  and  which  reaches  its  most  fer- 
tilizing condition  when  the  early  spring  causes  the  young  com  to  seek 
for  larger  supplies  of  food. 

5^.  But  the  nature  of  the  crop  he  is  about  to  rgise  wiU  also  influx 
ence  the  skilful  farmer  in  his  application  of  long  or  short  dung  to  his- 
land.  If  the  crop  is  one  which  quickly  springs  up,  runs  through  a 
short  hfe,  and  attains  an  early  rnaturity,  he  will  apply  his  manure  in 
such  an  advanced  stale  offermentatiou  as  may  enable  it  im.meiMatel'y 
to  benefit  the  rapidly  growing  plant  In  this  case,  also,  it  may  be 
better  to  lose  a  portion  ny  rerraenting  it  in  the  farm-yard,  than, by  ap- 

E lying  his  manure  freeh,  tcrallow  his  crop  to  reach  nearly  to  maturity 
efore  any  benefit  begins  to  be  derived  front  it. 

e°.  So  also  the  jrurpose  for  which  Ije  ajjpiies  liis  manure  will  regu- 
late his  procedure.  In  manuring  his  tumipB  the  farmer  has  two  dis- 
tinct objects  in. view.  He  wishes,  first,  to  force  lie  voung  plants  for- 
ward -so  rapidly  tl\at  they  may  get  into  the  second  leaf  soon  enough 
to  preserve  them  from  the  ravages  of  the  fly— and  afierwards  to  fur- 
nish them  with  such  supplies  of  food  aa  shtdl  ieep  them-  growing  till 
ihey  have  attained  the  most  profitable  size.  For  the  former  purpose 
fermented  manure  appears  to  be  almost  indispensable — if  that  of  the 
farm-yard  is  employed  at  all — for  the  latter,  manure,  in  the  act  of  slow 
and  prolonged  decomposition,  is  the  most  suitable  and  Expedient- 
It  IS  because  bone-dust  is  admirably  adapted  for  bodi  purposes,  that 
it  has  become  so  favourite  a  manure  in  many  districts  Torthe  turnip 
crop.  The  gelatine  of  the  outer  jmrtion  of  the  bones  soon  heats,  fer- 
ments, and  gives  off'  those  substances  by  which  the  young  plant  is 
benefitted — while  the  gelatine  in  the  interior  of  the  hone  decays,  lit- 
tle by  little,  and  during  the  entire  season  continues  to  feed  the  ma- 
turingbulb.  Rape-dust,  when  drilled  in,  acts  in  a  similar  manner,  if 
the  soil  be  sufficiently  moist  Jt  may  be  doubted,  however,  whether 
its  effects  are  so  permanent  as  those  of  bones. 

The  considerations  I  have  now  presented  will  satisfy  you  that  the 
disputes  which  have  prevailed  in  regard  to  the  use  of  long  and  short 
dung  have  arisen  from  not  keeping  sufficiently  distinct  the  two  ques- 
tions— what  is  theoretically  the  best  form  in  which  farm-yard  dung 
can  be  applied  in  general  1 — and  what  is  theoretically  and  practical 
ly  the  best  form  in  which  it  can  be  appUed  to  tliis  or  to  that  crop,  or 
for  this  or  for  that  specioi.  object  ? 


5  18.  Of  top'dressing  with  ferw&iiing 

If  se  large  a  waste  occur  in  the  farm-yard  where  the  manure  is 
leiY  long  to  ferment — can.it  be  good  husbandry  to  spread  fermenting 
manure  as  a  permanent  top-dressing  over  the  surface  of  the  fields? 
This,  also,  is  a  question  m  regard  to  which  different  opinions  are 
entertained  by  practical  men. 

Tliat  a  consiaerable  waste  must  attend  this  mode  of  application  there 
can  be  no  doubt  Volatile  matters  will  escape  into  the  air  and  saline 
substances  may  be  washed  awaj' by  the  rains,  and  yet  there  are  many 
good  practiealfarraers  whocoflsider  this  mode  of applyingeuch'manure 
to  be  in  certain  cases  as  profitable  as  any  Uiat  can  be  adopted!  Thus — 

1^.  It  is  common  in  spring  to  apply  such  a  top-dressing  to  old  pas- 
ture or  meadow  landa,-and  me  intreased produce  of  food  in  the  form  of 
grass  or  hay  is  believed  to  be  equal,  at  least,  to  what  would  have  been 
obtained  from  the  same  quantity  of  manure  employed  in  the  raising 
of  turnips.  Where  such  is  really  the  case,  eKperience  decides  the 
question,  and  pronounces  tliat  notwithstanding  the  loss  wSiieh  must 
occur,  this  m.ode  of  applying  the  manure  is  consistent  with  good 
imsbandry.  But.  if  the  quantity  or  market  value  of  the  food  raised  by 
a  ton  of  manure  appiiea  in  this  way  is  not  equal  to  what  it  would 
jiave  raised  in  turnips  and  corn,  then  it  may  as  safely  be  said  that 
the  most  economical  method  of  employing  it  has  not  been  adopted. 

But  theory  also  throws  some  interesting  light  upon  this  question. 

Old  grass  lands  can  only  be  manured  by  top-dressings.  And  if 
they  cannot  continue,  and  especially  such  as  are  meadowed,  to  yield 
an  average  produce,  unless  there  be  now  and  then  added  to  the, soil 
some  of  Uiose  same  substances  which  are  cairied  off  in  the  crop,  it 
appears  to  be  aJraost  necessary  that  farm^yard  dung  should  now  and 
then  be  applied  in  some  form  or  other.  It  is  true  that  hay  or  straw 
or  long  dun^  contains  all.  the  elements  which  the  growing  grass  re- 
quires, but  if  spread  on  the  surface  of  the  field  and  then  allowed  to 
ferment  and  decay,  the  loss  would  probably  be  still  greater  than  when, 
for  this  purpose,  it  is  collected  into  heaps  or  strewed  in  the  farm-j^rd. 
Thus  tlie  usual  practice  of  lajdng  on  the  manure  in  a  highly  fer- 
mented'stale  -mayh^  the  most  economical. 

2°.  Again,  where  the  turnip  crop  is  raised  in  whole  or  in  part  by 
means  of  bones  onlv,  of  rape  dust,  or  of  other  artificial  mamires,  as  they 
are  called,  it  is  usu^  to  expend  a  large  proportion  of  the  farm-yard  dung 
in  top-dressing  the  succeeding  crop  of  clover.  Thus  the  land  obtains 
two  maouringB  in  the  course  of  the  four  years'  rotation — bones  or  rape- 
dust  with  the  turnips — and  fermented  dung  with  the  clover.  TTiis 
second  application  increases  the  clover  crop  in  some  districts  one-fourth 
and  the  after-crop  of  wheat  or  barley  very  considerably  also.  [Such 
is  the  case  upon  some  of  the  farms  in  the  Vale  of  the  Tame  (Stafford- 
Bhire,)  where  the  turnips  are  raised  with  rape-dust,  and  wheat  follows 
the  cloverj 

Here,  aBo,  it  is  clear,  that  if  nianure  be  iiecesBa.ry  to  the  clover,  it 
can  only  be  applied  in  the  form  of  a  top-dressing,  But  wliy  is  it  ne- 
cessary, as  experience  says,  and  why  should  farm-yard  manure,  which 
is  known  to  suffer  waste,  be  applied  as  a  top-dressing  rather  than 
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rape-duet,  which  in  ordinary  seasons  is  not  so  likely  to  suffer  loss "} 
I  offer  you  the  following  explanation  :— 

If  you  raise  your  turnip  crop  by  the  aid  of  the  bones  or  rape-dust  alone 
you  add  to  the  soil  what,  in  most  naseH,  may  be  sutHcientto  supply  near- 
ly all  tile  wants  of  Uiatcrop,but  yowttonoiofW  all  which  the  succeed' 
mg  crops  of  com  and  clover  require.  Hence  if  these  crops  are  to  be 
grown  continuously,,  and  for  a  length  of  lime,  some  otlier  Kind  of  ma- 

it  be  added — in  which  those  necessary  substances  or  kinds 

.re  present  which  the  bonee  ai  '  '     '  .       .-  > 

Parm-yard  manure  contains  them  all. 
every  farmer.  It  is,  in  fact,  his  natural  resource  in  every  such  difli- 
culty.  He  has  tried  it  upon  his  dover  crop  in  the  circumstances  we 
are  considering,  and  has  necessarily  found  it  to  answer. 

Thus  to  exmain-  the  results  at  which  he  heis  arrived  in  this  special 
case,  chemical  theory  only  refers  the  practical  man  to  the  general  prin- 
cipls  upon  which  all  scientific  manuring  depends — that  Ae  must  add  to 
the  soil  sufficient  swpplies  ofeoery  thing  he  carries  off  in  his  crops — and, 
therefore,  without  some  such  dressing  as  he  actually  applies  to  his 
clover  crop,, he  could  not  long  continoe  to  grow  good  crops  of  any  kind 
upon  his  land,  if  he  raise  his  turnips  with  bones  or  rape-dust  only.. , 

It  might,  I  think,  be  worthy  of  trial,  whether  the  use  of  the  fer- 
mented dung  for  the  turnips,  and  of  the  rape-dust  for  top-dreesing  the 
after-crops,  would  not,  in  the  entire  rotation,  yield  a  larger  and  more 
remunerating  return. 

§  19.  Of  eating  off  with  sheep. 

The  practical  advantages  derivedfrom  eating  off  turnips  and  clover 
crops  with  sheep  are  mainly  of  two  kinds.  Light  lands  are  trodden 
down  and  eoUdifled,  and  they  are  at  the  same  time  equably  and  more 
or  JesH  richly  manured.  With  this  latter  effect,  that  of  manuring, 
some  interesting  practical  facta  and  theoretical  considerations  are 
connected.    Thus — 

1°.  In  thepreceding  lecture  (p.  419)Imentionedto  you  that  in  some 
parts  of  Germany,  spurry,  among  other  plants,  ia  extensively  grown, 
and  with  much  profit,  for  ploughing  in  as  a  green  manure.  Now  it  ia 
mentioned  that  the  crops  of  rye  which  follow  a  crop  of  spurry  are  some- 
times quite  as  great  when  it  has  been  eaten  off  with  sheep  or  cattle  as 
when  it  has  been  ploughed  in  (Von  Voght,  Uber  Manche  Vorthetle 
iter  grUner  dungv,ng.) 

2".  In  accordance  with  this  statement  is  the  opinion  of  many  skil- 
ful practical  men  among  ourselves,  that  a  crop  of  clover  or  of  tares 
wilf  cause  a  larger  after-growth  of  com,  if  it  be  eaten  off  with  oheep, 
than  if  it  be  ploughed  in  in  tlie  green  state. 

The  eorrectne^  of  these  practical  observations  appears  from  a 
brief  consideration  of  one  of  those  interesting  theoretical  questions 
we  have  recently  been  discnsdng. 

When  a  crop  is  eaten  off  by  full-grown  animals,  it  returns  again  to 
the  soil,  deprived  of  a.portion  of  its  carbon  only  (p.  473.)  The  manure 
contains  all  the  nitrogen  and  saline  matter  of  me  green  vegetables,  and 
in  a  state  iri  which  they  are  more  immediately  available  to  the  uses  of 
the  young  plaat    Thus  far,  then,  we  can  understand  that  in  certain 
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cases  a  crop  may  appear  to  fertilize  tlie  land  more  after  it  has  been  eaten 
and  digested,  than  if  it  had  been  ploughed  in  green,  and  we  can  recog- 
Dize  the  correctness  of  the  opinion  at  which  practical  men  have  arriv^. 

But  theory  doea  not  forsake  us  here.  As  in  all  other  eaeeB  in  which 
it  furnishes  a  true  explanation  of  known  facta,  it  points  to  new  facts  tdso, 
which  more  or  less  modify  out  received  opinions,  and  define  the  limite 
within  which  Ifteir  truth  can  be  rigorously  maintained.     Thus— 

1°.  Theorysaysthat  if  the  animals  fed  upon  the  green  crop  be  in  a 
growing  state — if  they  be  increasing  in  muscle  or  in  bone — they  will 
not  only  dissipate  flirough  their  lungs  and  skin  a  portion  of  its  carbon, 
but  will  retain  also  a  part  of  its  nitrogen  and  saliiie  matter,  and  will 
thus  retorn  to  the  soil,  in  their  excretions,  a  smaller  quantity  of  these 
substances  than  the  crop  would  have  mven  to  i*  if  ploughed  in  green. 
If,  therefore,  a  maximum  fertilizing  effect  is  to  ^  proSuced  upoa  a 
field  by  eating  off  a  green  crop,  it  is  not  altogetner  a  matter  of  indif- 
ference what  Itind  of  animals  we  employ  as  digesters. 

2°.  Again,  the  practice  of  green  manuring  is  resorted  to  chiefly 
upon  soils  which  are  poor  in  organic  matter — to  which  the  carbon  of 
the  green  crop  is  of  consequence,  as  well  as  the  nitrogen  and  saline 
matter  it  contains.  But  when  eaten  ofij  much  carbon  is  lost  to  the 
soil,  and  thus  the  supply  oi'  organic  matter  which  it  ultimately  ^ts  is 
considerably  less  than  if  the  crop  it  bore  had  been  ploughed  in  in  the 
green  stale.  Such  soils,  then,  cannot  be  equally  enriched  by  the 
ioi;mer  as  by  the  latter  method. 

This  case  presents  a  very  interesting  illustration,  and  one  which  you 
can  readily  appreciate,  of  me  kind  oCuseftd  information  which  thuoreti- 
cai  chemistry  is  capable  of  imparting  upon  almost  every  branch  of  prac- 
tical agriculture.  It  says  to  the  farmer — yes,  you  may  in  some  cases, 
certainly,  eat  off  the  crop  with  advantage — but  y"  you  vrish  to  do  most 
good  to  your  land  ysa  must  eat  it  off  with  fattening,  not  with  growing 
sheep — and  you  must  do  so  upon  soils  which  are  not  very  poor  in 
vegetable  matter.  And  that  explains  to  me  also,  s^y^  tlie  practical 
man,  in  reply,  why  I  have  always  found  ehecp-folding  to  be  most  be- 
neficial on  soils  which  are  rich  m  vegetable  matter*  (p.  468.) 

5  20.  Of  the  improeement  of  the  soil  by  irrigation. 

Irrigationj  as  it  is  practised  in  our  climate,  is  only  a  more  refined 
method  of  manuring  the  soil.  In  warm  climates,  where  the  parched 
plant  would  wither  and  die  unless  a  constant  supply  of  water  were 
artificially  afforded  to  it,  irrigation  may  act  beneficially  by  merely 
yielding  this  supply  to  the  growing  crops  j  but  in  our  latitudes  only 
a  smalfpart  of  its  beneficiEd  effects  can  be  ascribed  to  this  cause.  It 
is  to  jMsture  and  meadow  land  almost  solely  that  irrigation  is  applied 
by  British  farmers,  and  Uie  good  effect  it  produces  is  to  be  explained 
oy  a  reference  to  various  and  natural  causes. 

1°,  Ifthewater  bemoreor  less  muddy,  bearing  with  it  solid  matter 
which  deposites  itself  in  still  places,-  the  good  effects  which  follow  its 

'  eprened  oiplalns  this  facl  by  a11e°inE  llisl  the  humic  acid  of  <ho  vegetable  msUFrre. 
lains  more  etftoluallj  Ihe  ammonii  of  the  decomposing  dung.    Thero  may  bo  Bomelhlng 
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diffusion  over  the  soil  maylje  ascribed  to  the  layer  of  visible  manure 
which  it  leaves  every  where  behind  it.  Thus  the  Nile  and  the  Ganges 
fertilize  (lie  lands  over  which  their  annual  floods  extend,  and  partly 
in  this  way  do  some  of.  our  smaller  streams  iniprove  the  fields  over 
Vhich  they  eithet  naturally  flow  or  are  artificially  led. 

2°.  Or  if  the  water  hold  in  solution,,  as  the  Uquid  manures  of  the 
farm-yard  do,  substances  oh  which  plants  are  known  to  feed,  then  to 
diffiise  them  over  die  surface  ia  a  simple  act  of  liquid  manuring,  from 
which  the  iienal  benefits  follow.  Such  is  the  irrigation  which  k  praii- 
tised  in  the  neighborhood  of  our  large  towns,  where  the  contents  of 
the  common  sewers  are  discharged  into  the  waters  which  subsequent- 

S  spread  themselves  over  the  flelda  (For  an  interesting  account  of 
e  efiects  of  such  irrigation  in  the  neighborhood  of  Edinburgh,  see 
Stephens,  On  Ifrigatwn  and  Draining,  p.  75.)  In  so  far  also  as  any 
streams  can  be  supposed  to  hold  in  solution  the  ^shiags  of  towns  or 
of  higher  lands — ^and  there  are  few  which  are  not  more  or  legs  im- 
Iii;e^iated  in  this  mannei^--so  far  may  their  beneficial  action,  when 
eaiKoJ^d  for  purposes  of  irrigation,  be  ascribed  to  the  same  cause. 

!)*.  But  sprmg  waters  which  have  (Tin  only  a  short  v/ay  from  Iheir 
source  are  occasionally  found  to  be  valuable  irrigators.  In  such  cases, 
also,  the  good  effect  may  be  due  in  whole  or  iii  part  to  substances  held 
in  solution  by  the  water.  Thus,  in  iime-stone  districts,  and  especially 
those  of  the  mountain  lime-stone'lbrmation  (Lee,  XL,  §  8,|| — in  which 
copious  springs  are  not  unfrequently  met  with — the  water  is  generally 
impregnated  with  mueh  carbonate  of  lime,  which  it.slowly  deposites  as 
it  flows  away  iroxa  its  source.  To  irrigate  with  such  water  is,  in  a  re- 
fined sense,  to  lime  the  land,  and  at  the'same  time  to  place  within  the 
reach  of  the  growing  plants  an  abundant  supply  of  this  substance,  in  a 
form  in  which  it  can  readily  enter  into  their  roots.  (Some  of  the  water 
used  in  the  well-known  scientific  irrigations  at  Qloseburn  Hall,  in 
D urn (nes- shire,  appears  to  hare  been  impregnated  with  lime.  See 
Stephens,  p.  43.) 

In  other  districla,  again,  the  springs  contain  gypsum  and  common 
salt,  and  sulphate  of  soda  and  sulphate  of  magnesia,  and  thus  are  ca- 
pable of  imparting  to  plants  many  of  those  inor^m'c  forms  of  matter, 
without  which,  as  we  have  seen,  they  cannot  exhibit  a  healthy  growth. 

4°,  Again,  it  is  observed  that  the  good  effects  of  irrigation  are  pro- 
duced omy  by  running  water — coarse  grasses  and  marsh  plants  spring- 
ing.iip  when  the  water  is  allowed , to  stagnate  (Low's  jEfemenis  o/" 
AgritMtitre,  3d  edition,  p.  4^2.)  This  is  explained  in  part' by  the 
fact  that  a  given  quantity  of  (vater  will  soon,  be  deprived  of  that  por- 
tion of  matter  held  in  sohitibn,  of.  which  the  plants  can  readily  avail 
tbeiriselveB,  and  that  when  this  is  tlie  case  it  can  no  longer  contribute 
to  their  growth  in  an  equal  degree. 

But  there  is  another  virtue  in  runningwater,  which  makes  it  more 
wholesome  in  the  living  plant.  It  comes  upon  the  field  charged  with 
gaseous  matter,  with  oxygen  andnitrogen  and  carbonic  acid,  in  prijpor- 
tions  ^ery  different  from  those  in  which  these  gases  are  mixed  together 
in  the  air  (Lee.  .II.,  §  6.)  To  the  root,  and  to  the  leaf  also,  it  carries 
theefe  gaseous  substancee.  The  oxygen  is  worked  up  in  aiding  the 
decomposition  of  decaying  vegetable  matter.    The  carbonic  acid  is 
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absorbed  by  andfeeda  the  plant.     Let  tiie  s; 

same  spot,  and  its  supply  of  these  gaseous  .   ._ 

hansted.  In  its  state  of  resi  it  re-absorbs  new  portions  from  tlie  air 
wicti  rcmparative  slowness.  But  let  it  flow  along  the  surface  of  the 
field,  exposing  effery^  moment  new  particles  to  the  moving  air,  and  it 
takes  in  tile  cartionic  acid  especially  with  much  rapidity— and  as  it 
takes  it  from  the  air,  almost  as  readily  again  mves  it  up  to  the  leaf  or 
root  with  which  it  first  eomfis  in  contact.  This  is  no  doubt  one  of  the 
more  imjlortant  of  the  several  purposes  which  we  can  understand 
ruiinina  water  to  serve  when  used  for  irrigation. 

But  further,  if  water  be  allowed  to  stagnate  over  the  finer  grasses, 
they  soon  find  themselves  in  circumstances  in  which  it  is  not  consiat- 
enf  with  tlieir  nature  to  exhibit  a  healthy  growth.  They  droop, 
therefore,  and  die,  and  are  succeeded  by  new  races,  to  which  the  wet 
land  is  more  congenial. 

5°.  It  is  known  also,  that  even  running  water,  if  kept  flowing  with- 
out intermission  for  too  long  a  period,  will  injure  tlie  pasture.  This 
is  because  a  long  immersion  in  water  induces  a  decay  of  vegetable 
matter  in  the  soil  which  is  unlavorable  to  the  growth  of  the  grasees^ — 
producing  chemical  compounds  which  are  not  naturally  fortned  in 
those  situations  in  which  the  grasses  delight  to  grow,  and  which  are 
unwholesome  to  tliem.  Although,  therefore,  the  wat«r  continues  to 
support  those  various  kinds  of  food  by  which  the  grasBe3,are  beneflt- 
fed,  yet  it  becomes  necessary  to  withdraw  it  for  a  time,  in  order  that 
other  injurious  consequences  may  be  avoided. 

6°.  Lastly. — Irrigation  te  most  beneficial  where  the  land  is  well 
drained  beneath — where  the  water,  aflier  the,  irrigation  Is  stopped,  can 
sink  and  find  a  ready  outlet.  The  same  benefits  indeed  flow  from  the 
draining  of  irrigated  as  from  that  of  arable  lands.  The  soil  and  sub- 
soil are  at  once  washed  free  of  any  noxious  substances  they  may 
naturally  contain,  or  may  have  derived  from  flie  crops  they  have 
grown,  and  are  manured  and  opened  -by  the  water  which  passes 
tlirough  them.  As  the  water  descends  also,  the  air  follows  it,  to 
change  and  mellow  the  under-soil  itself. 

Such  are  the  main  principles  upon  which  tlie  beneficial  action  of 
irrigation  depends,  and  they  appear  to  me  satisfactorily  to  account 
for  all  the  facte  upon  tfie  subject  with  which  I  am  acquainted.  I 
pass  over  the  alleged  beneficial  action  of  water  in  keeping  the  tem- 
perature of  irrigated  fields  froni  sinking  too  low.  As  irrigation  is 
practised  in  our  islands,  little  of  the  good  done  to  watered  meadows 
can  be  properly  attributed  to  this  cause. 


I  have  now  drawn  your  attention  to  the  most  important  and  readily 
available  means,  mechanir.ai  and  chemical,  for  improving  the  soil. 
Let  us  next  study  the  products  of  the  soil — llieir  composition,  their 
diflerences,  and  the  purposes  they  are  intended  to  serve  in  the  feed 
ing  arid  nourishment  of  animals. 
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LECTURE  XIX. 

Of  the  produce  of  Ihe  8oH,— Averase  produce  of  lingland  and  Scnlland.— Ciroumslancas  hi 
wliich  the  produce  oritie  lajid  is  affecfed.— Influence  afcliuiUe,  ofEesisoD,  af  eaiLo/iiia 
kind  and  nirielj  of  orop,  of  Ite  melhod  of  culiure,  aud  0/  Ihe  courae  oreropping.— Theory 
of  ihe  roBllou  of  cropa.— Wiy  kods  booome  lireii  of  doyer  (cloier-fllolt)  and  oilier  special 
crops.— TtEory  of  fellows.— CompoeiUon  of  wheat,  oals,  barley,  rye,  and  lodltui  corn.- In- 
Aueace  of  elinuie,  soil,  manure,  larlsty  ofaeerl,  mode  of  culture,  and  Ume  of  oulllu^,  upon 
[he  compo^Uoa  oflheae  gratus,— ESfect  of  haking  upoo  bread.— SupooEcd  relation  belwesa 
(he  welgliL  of  bread  and  the  proporllan  of  glunen,— ECTect  of  geraunallon  (mailing)  upon 
barley. --Gum poailioQ  uf  pens,  beam,  and  vetcbea. — BEfectB  of  bdJI,  Ac,  upoD  the  boiling 
qualiiyof  peoe  — OompoBition  of  Ihe  uirofp,  the  CBrroI.Ihe  beet,  and  the  potBloe.— BflbcC 
of  Boil,  Bse,  eiie,  rapidity  of  gruwlh,  at,  upon  llteir  compoairlon.— RelaUTenroporlions  of 
uulriUve  m  .Iter  produuiri  by  rliSljrenl  oropaon  Ihe  eame  client  offraitnd.— Oompoalllon 

upun  their  oompoalUon  and  nutraiTB  value. 

Havins  now  considered  the  moat  impottant  of  tliose  means  by  wMch 
tbe  soil  may  be  improved,  it  will  be  proper  to  direct  om-  atfeation  to  that 
which,  tlie  land  produces — to  the  chemical  nature  of  the  crops  yon  raise, 
to  the  difTerences  which  exist  among  them,  and  to  the  purposes  they  are 
fitted  to  serve  in  the  feeding  ofinaii  and  other  animals. 

Agricultural  products  are  of  three  distinct  kinds  : 

1°.  Such  as  are  directly  reaped  from  the  soilintlie  form  of  corn,  pota- 
toes, hay,  &c. 

2".  Sueh  aa  ate  the  resaltof  akind  of  natural  process  of  manufacture, 
by  which  the  direct  produce  of  the  soil  is  more  economically  converted 
into  the  beef  and  muuon  of  the  feeder  of  stock. 

3°.  Such  as  are  the  results  of  a  further  conversion  at  the  hands  of  the 
daky  farmer,  aud  are  sent  to  market  in  the  form  of  butter  and  cheese. 

Thus  three  distinct  topics  of  consideration  present  themselves  in  con- 
nection with  the  produce  of  the  soil, — the  nature  of  the  immediate  pro- 
ducts themselves — the  economy  of  the  feeding  of  stock — and  the  prepara- 
tion of  butter  and  cheese.  We  shall  study  these  several  topics  iti  tteuir 
iiatiiral  order. 

§  1.   Of  the  maximum  or  greateil  possible^  and  the  average  or  actual, 
produce  of  Hie  land. 

There  is  a  wide  difference  in  most  countries  between  the  actual 
amount  of  food  produced  by  the  land,  and  that  which,  in  the  most  fa- 
vourable eitcnmstances,  it  would  delight  to  yield. 

An  imperial  acre  of  land  in  our  island  has  iieen  known  to  yield  of 
wheat  70  bushels,"  barley  SO  bushels,  oats  100  bushels,  potatoes  30 
tonsit  and  turaipa  60  tons.t 

The  average  produce  of  the  laud,  however,  is  far  below  these  ijuanti- 
tles.     It  is  not  easy  to  arrive  at  a  tolerable  approximation  even  to  the 
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t  See  Mr.  Flemlng'Beiperlmenla  upon  potaloes  In  Ihe  AppendU.        ,     ...  .  GoOqIc 
t  ParhapslhiBianoilhemitnim™,- Intlie  ^amdSepi>rl  of  lie  SoyalAgtlciiBfirillvC) 
proTument  Sodelyof  IrelaTUt,  p.  57,  a  crop  of  turnips  iemenUoned,  which  weighed  M  loiis— 


rue  average  produce  of  the  island.     Mr.  Macculloch  e; 
wheat  at  26  bushels  an  acre,  barley  at  32,  and  oats  at  30. 

Sir  Charles  Lemon  gives  for  the  average  produce  of  all  England,  and 
'or  the  higliest  and  lowest  county  averages,  the  fbllowing  Wmbers — 


Wheat     - 

-      -        21 

16  Dorset. 

Barley    -    ■ 

-     -       32f 

40  Huntingdon. 

24  Devon. 

Oats   -     - 

-     -      351 

48  Lincolnshire. 

20  Gloucester. 

Potatoes  -     ■ 

-     -     241 

360  Cheshhe. 

100  Durham. 

While  in 

Scotland,  a. 

ccordingto   Mr.  Dudge 

OH,  the  average  produc 

Good  land. 

Lighte 

ir  land. 

Wlieat 

-  30  to  32  busheU. 

22  to 

26  bushels. 

Barley 
Onfs    - 

-  40  to  44       do. 

-  Ad  fo  F,fJ        i\n. 

34  to 
rifi  111 

38        do. 
4:i        do. 

If  these  numbers  of  Sir  Cliarles  Ijemon  and  of  Mr.  Dudgeon  are  to  be 
depended  upon,  the  averages  for  the  whole  island  cannot  be  far  from 
wheat  24  bushels,  barley  34  bushels,  oats  37  bushels,  potatoes  6  tons, 
and  turnips  10  tons.. 

Though  even  these,  especially  in  regard  to  the  root  crops,  nljist  be 
considered  as  ia  a  considerable  degree  hypothetical.* 

What  is  the  cause  of  the  striking  diiferences  above  exhibited  between 
the  maximum  produce  of  certain  parts  of  the  island  and  the  avera^  pro- 
duce of  the  whole  7  Are  such  differences  necessary  and  unavoidable  ]' 
Can  the  less  productive  lands  not  be  made  to  yield  a. larger  return? 
Can  the  large  crops  of  the  richer  dtetricts  not  be  further  increased,  and 
their  amount  kept  up  for  an  indefijdte  succession  of  seasons  1 

These  interesting  questions  lie  at  the  foundation  of  all  agricultural  im- 
provem^ent — and  ekiQ .  and  science  answer  that,  though  differences  lo 
a  certain  arnount  are  unavoidable,  yet  that  means  are  already  known 
by  which  the  fertility  of  the  richer  lands  may  be  maintained,  and  the 
cnjpsirftbe  less  productive  indefinitely  enlarged. 

§  2.   Of  the  circumslances  by  tvhich  the  produce  of  food  is  affected — 
climate,  season,  soil,  ^. 

The  quantity  of  ibod  produced  by  a  given  extent  of  land  is  affected  by 
the  climate,  by  the  season,  by  the  soil,  by  the  nature  of  the  crop,  by  the 
varietysown  or  planted,  by  the  general  method  of  culture,  and  by  thero- 
tation  or  course  of  cropping  that  is  adopted. 

1°.  Climate. — That  the  warmth  of  the  climate,  the  length  of  the  sum- 
mer, and  the  quantity  of  rain  that  falls,  influence  in  a  remarkable  degree 
the  amount  of  food  TOhich  a  district  of  country  is  fitted  to  raise,  is  fa- 
miUar  to  every  one.  The  warmth  of  (he  equatorial  regions  maintains  a 
perpetual  verdure,  while  the  short  northern  summers  aflbrd  only  a  few 
months  of  pasture  to  the  stunted  cattle.  The  difference  of  latitude  be- 
tween the  extremeeiidsof  our  island  produces  a  similar  diSerence,  though 
in  a  leas  degree.     The  almost  perennial  verdure  of  the  southern  counties 

■  Inl3ai,Mr.WokefieWeatlmaWd  the  average  produce  ofwlieal  in  8ll  Eneland  al  IT 
Bushels  only—Dovonshlre  prnduulhe  an  eiera^o  of  SO,  and  Ihe  lands  near  IHe  coael  of  Eenl, 
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canaot  be  hoped  for  in  the  north  of  Scotland,  and  yet  it  is  said  that  in 
parts  of  Rosa-shire  the  com  and  turnip  crops  are  equal  to  those  of  the 
most  favottred  districts  of  Britain.  Is  this  to  he  regarded  solely  aa  the 
triumph  of  skill  and  industry  over  the  difficulties  presented  by  nature  ] 

2°.  Season. — The  influence  of  the  seasons,  wet  ordry,  warm  or  cold, 
has  been  observed  by  the  fanner  in  all  ages,  and  it  cannot  be  entirely 
overcome.  The  heavy  crop  of  this  year  may  not  be  reaped  again  on 
the  next,  because  an  unusual  cola  may  arrest  its  growth.  And 
yet  good  husbandry  will  do  much  even  here — since  the  higher  the  fann- 
ing the  fewer  the  number  of  failures  which  the  inteUigent  man  will 
have  occasion  to  lament. 

3°.  Sml. — Diversity  of  soil  is  held  to  be  a  sufficient  reason  for  differ- 
ence both  in  kind  and  in  weight  ofcrop.  A  poor  sand  is  not  expected  to 
give  the  same  return  as  a  rich  clay,  let  in  regard  to  the  capabihtiea  of 
soils  underskilful  management,  practical  agriculture  appears  as  yet  to 
have  much  to  iearo.  Is  there  any  method  hitherto  little  tried  by  which 
soils  of  known  poverty  may  be  compendiously  and  cheaply  doctored,  so 
as  to  produce  a  greatly  larger  return  l  Science  seems  to  say  that  there  is, 
and  points  to  a  wide  field  of  experimental  research,  by  the  diligent  cul- 
ture of  which  we  may  hope  that  this  great  result  will  hereafter  be  at- 
tained. The  principles  upon  which  tliis  hope  rests  liave  been  explained, 
for  the  most  part,  in  theprecedieg  Lectures. 

4°.  Kind  of  crop. — The  amount  of  food,  either  for  man  or  beast, 
whichagiven  field  will  produce,  depends  corisidetably  upon  the  kind 
of  crop  which  is  raised.  Thus  a  crop  of  30  btishels  of  wheat  will  yield 
only  about  1100  lbs.  of  fine  flour,  while  a  crop  of  6  tons  of  potatoes  will 
give  about  4400  lbs.  of  an  agreeable,  dry,  and  mealy  food.  Thus  tho 
gross. weight  of  food  for  man  is  in  the  one  case  three  times  what  it  is  in 
flie  other.  So  it  is  said,  on  the  authority  of  tiie  Board  of  Agriculture, 
that  a  crop  of  cbver,  of  tares,  of  rape,  of  potatoes,  turnips,  or  cabbages, 
will  furnish  at  least  thrice  as  much  food  for  cattle  aa  one  of  pasture  grass 
of  medium  quality.* 

5°.  Variety  of  teed  strum. — The  variety  of  seed  sown  has  also  an  im- 
portant influence  on  the  amount  of  produce  reaped.  I  need  not  refer  to 
the  well  known  neeesaify  of  changing  the  seed  if  thB  same  land  is  to 
coatinae  to  yield  good  crops — but  of  strange  seeds  of  tlie  same  species 
two  varieties  will  often  yield  very  unlike  wefehts  of  com,  of  tumipSi  or 
of  potatoes.  I  may  quote  as  an  illustration  the  experiments  of  Colonel 
Le  Couteur  upon  wheat.  He  found,  on  the  same  soil  and  under  the 
same  treatment,  that  the  varieties  known  by  the  name  of  the  White 
Downy  and  the  Jersey  Dantzic  3delded  respectively; 

White  Downy  -  49  bush.  ^62  lbs."  'jse^rbs.  2402 Tbs.  ""sof'As! 
Jersey  Dantzic  -  43^  bush.  63  lbs.  4681  lbs,  2161  lbs.  79|lh3. 
while  on  a  different  soil  and  treated  differently  from  the  above,  two  other 
varieties  yielded — 

Whitrington,  -  -  -  33bush.  61  lbs,  '77861bs.  1454  lbs.  7ailbs. 
Belle Vue Talavera,    -  59 busk.     611bs.     5480lbs.     2485 lbs.  1  78i lbs. 
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In  each  of  these  c;      . 
diSetence  presented  itself  both  in  the  absolute  !l 

of  grain  and  of  straw  reaped  under  precisely  similar  c  .     _ 

the  use  of  different  varieties  of  the  same  species  of  seed.  ■  Nor  are  the 
above  by  any  means  extreme  eases.  In  the  same  fleld  I  ha-«e  loiown 
the  GMen,  KertS  and  the  Flanders  Red  varieties,  sown  in  the  same 
spring,  to  thrive  so  differeBtly,  that,  while  the  former  was  an  exceUent 
crop,  the  latter  was  almost  a  total  failure.  It  will  require  a  very  refined 
chemistry  to  explain  the  cause  of  such  diversities  as  these. 

§  3.  Influence  of  the  jnethod  of  cullare  upon  the  produce  of  food. 

In  addition  to  the  circumstances  above  alluded  to,  the  quantity  of  food 
tliaC  is  raised  depends  very  m,uch  upon  the  method  of  culture  which  is 
adopted.  Thus,  in  land  of  medium  quality,  bur  opinion  in  regard  io  the 
quantity  of  food  it  is  likely  to  yield  would  be  greatly  affected  by  the 
answers  we  should  obtain  to  the  following  questions ; — 

1°.  Is'the  land  inpenaanent  pasture,  or  is  it  under  the  plough  ? — 
"With  the  exception  of  rich  pasture,  it  is  said  that  land,  under  clover  or 
turnips,  will  produce  three  tames  as  much  for  cattle  as  when  under  grass. 
If  such  a  green  crop  then  alternate  with  one  of  corn,  the  land  would 
every  two-years  produce  as  much  food  for  stock  as  it  would  during  three 
years  if  lyuig  in  grass,  besides  the  crop  of  com  as  food  ibr  man,  and 
of  straw  for  the  production  of  manure. 

This  slateinent  may  possibly  he  a  little  exaggerated,  or  may  represent  tru- 
lythe  comparative  produce  of  food  in  special  cases  only — yet  there  seems 
sufficient  reason  for  beheving,  as  a  general  rule,  that  a  very  much  larger 
amount  of  food  may  be  reaped  from  land  under  aratjle  culture,  than 
when  laid  away  to  permanent  pasture. 

2°.  Wliat  kind  and  quality  of  manure  is  applied  ? — Every  practical 
man  Iinows  the  importance  of  manuring  his  land,  and  how  much  tho 
abundanceof  every  crop  he  sows  dejiends  both  upon  the  quantity  and  upon 
the  kind  of  manure  he  is  able  to  add  to  it. 

3°.  In  what  way  is  it  applied  ? — But  much  dej>ends  also  upon  the 
manner  in  which  ftie  manure  is  expended,  or  tiie  kind  of  crop  to  which 
it  is  applied. 

I  have  already  (p.  477)  directed  your  attention  to  the  loss  which  must 
necessarily  be  sustained  by  top.idressirig  with  farm-yard  manure,  and  yet 
how  in  certain  modes  of  cropping  and  manuring  the  land,  it  may  be 
not  only  advisable  but  necessary  to  do  so.  Yet  the  comparative  return 
of  food  obtained  frani  the  use  of  such  manure,  when  applied  as  a  top- 
dressing  to  gross  land  ibr  instance,  and  when  buried  with  tlie  turnip  crop 
in  the  usual  manner,  is  very  unlike. 

Thus,  suppose  an  acre  of  grass  land;  of  such  a  quality  as  to  produce 
annually  without  manure  1^  tons  of  hay,  to  be  top-dressed  every  spring 
or"  outamn  with  5  tons  of  farm-yard  manure  per  acre — and  suppose 
another  acre  of  the  same  land  in  arable  cultiare  to  be  manured  forturnips 
with  20  tons  of  farm-yard  manure  at  once.  Then  the  grass  land,  by 
the  aid  of  the  manure,  would  not  produce  more  than  double  its  natural 
crop,  or  2J  tons  an  acre,  that  is,  10  tons  of  hay  in  the  four  years.  Tins,  I 
believe,  is  making  a  large  allowance  for  the  effect  of  the  manure. 

But  the  arable  land,  in  the  four  years,  if  of  the  same  quality,  may  bo 
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eKpecEed  W  produce — turnips  20  tons,  barley  36  Irastels,  clover  2J  tonS) 
whent  SSl'uahela  ;  besides  upwards  of  4  (ons  of  straw. 

In  all  tliese  taken  together  there  must  be  much  more  food  tiian  in  the 
ten  lous  of  hay. 

If  we  consider  the  money  profit,  however,  to  the  farmer,  the  result 
may  be  diHereut.  The  cost  of  raisiug  the  ten  tons  of  hay,  exclusive  of 
rent,  may  be  reckoned  at  one-half  the  produce,  and  of  the  several  cropa 
in  tlie  lour  years'  lotalion  at  three-quarters  of  the  produce:  we  thaa 
have  for  the  clear  return — 
In  the  ono  ease,  half  (he  produce — 5  tons  of  hay ; 
In  the  other  case,  a  fourth  of  the  produce — 5  tons  of  turnips,  9  bushels 
of  barley,  4  ton  of  clover,  7  bushels  of  wheat,  and  1  ton  of  straw. 

Let  the  clover  and  the  straw  together  equal  in  value  only  one  ton  of 
the  hay,  anJ  the  money  value  in  the  two  cases  will  stand  as  follows  ;— 
Hay,  4  tons,  at  =£5,  =  dCao    0    0 

Turnips,  5  Ions,  at  10s.  =  =£2  10  0 
Barley,  9  bush.,  at  4s.  =  1  16  0 
Wheal,  7  bush.,  at   7s.  ~    2       9    0 

6  15     0 

Leaving  a  gain  upon  the  grass  ]and  of  ^13     5     0 
Or,  ^63.  6a.  an  acre  every  "year. 

Thus,  though  more  food  is  raised  by  converting  the  land  to  arable 
purposes,  and  more  people  may  be  sustained  by  it,  yet  more  money 
may  be  made  by  meadowing  the  land — iMei'e  a  ready  market  exists 
far  the  hay,  where  it  is  allowed  to  he  sold  off  tkefarnt,  and  vikere  abwu- 
dajtce  of  manure  can  be  ohkdnedfir  the  purpose  of  top-dressing  the  grass 
every  year.  It  is  only  in  the  neighbourhood  of  large  towns,  however, 
that  all  riiese  circumstances  usually  co-exist,  and  hence  one  cause  «f  the 
value  of  grass  land  in  such  localities. 

The  farmer,  however,  is  never  prohibited  from  selling  his  corn  off  the 
farm,  or  his  fat  stock.or  his  diury  produce,  and  thus  at  a  distance  from 
large  towns  he  must  ttirn  his  attenlbn  solely  to  the  raising  of  one  or  other 
of  these  kinds  of  produce. 

Of  the  two  ways  of  employing  his  grass  or  ^een  crops — in  rearing 
and  fattening  cafue,  namely,  and  in  the  production  of  butter  and  cheese 
— we  shall  hereafter  see  reason  to  believe  that  theoretically  the  latter 
ought  both  to  be  the  most  profitable  in  money  to  the  farmer,  and  at  the 
same  time  to  produce  the  greatest  amount  of  food  for  man. 

3°.  What  rotation  or  course  of  cropping  is  adopted  ? — If  the  land  bo 
cropped  with  corn,  year  after  year,  the  produce  of  food  will  not  only  be 
less  than  if  an  alternate  husbandry  were  introduced — but  the  yearly  return 
of  com,  even  on  the  richest  lanii,  muse  sooner  or  later  diminish,  till  at 
length,  the  crop  will  not  be  sufficient  todefray  the  expense  of  cultivation. 
The  tillage  of  such  land  must  dien  be  abandoned,  and  it  oiiist  be  left  to 
a  slow  process  of  natural  restoration.  No  arable  land  will  produce  so 
much  iood  if  year  by  year  it  be  made  to  raise  the  same  crop,  as  if  the 
crop  be  varied — and  especially  as  if  com,  root,  and  leguminous  citips  be 
made  to  succeed  each,  other  in  a  shilful  alternation. 

Upon  the  introduction  of  the  alternate  husbandry,  it  was  found  that 
upon  lands  formerly  in  pasture,  not  only  could  oue-thini  jnore  stock  bo 
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kepi  continiiously  than  before,  but  that  inaddilion  a  crop  of  com  could  be 
reaped  every  second  year.  On  (he  otlier  hanii,  those  which  had  been 
cropped  with  corn  alone,  or  which  after  two  white  crops  had  usnally  been 
left  to  nal;ed  fallow,  yielded  more  com  in  a  given  number  of  years  than 
before,  while  a  greon  crop  every  second  year  was  raised  On  them  besides. 
It  caflnot  be  doubted,  therefore,  that  a  change  of  cropping  influences,  in 
a  great  degree,  the  amount  of  food  which  the  same  piece  of  land  is  fitted 

I  4.   Of^e  theory  of  the  rotation  of  crops. 

Upon  what  principles  do  the  beneficial  efibcts  of  this  change  of  crop- 
ping depend  t     "What  is  the  true  theory  of  a  rotation  of  crops  ? 

It  was  supposed  by  DecandoUe — 

1°.  That  the  roots  of  all  plants  gave  out  or  excreted  certain  substan- 
ces peculiar  to  themselves — and, 

2°.  That  these  substances  were  unfavourable  to  the  growth  of  fiiose 
plants  from  the  roots  of  which  they  came,  but  were  capable  of  promo- 
ting the  growth  of  plants  of  other  species»-that  the  excretions  of  one 
species  were  poisonous  to  itself,  but  nutritive  to  other  species. 

Upon  these  suppositions  he  explained  in  a  beautiful  and  apparently 
simple  and  convincing  manner  the  beneficial  efifects  of  a  rotation  or  al- 
ternation of  different  crops.  If  wheat  refused  to  grow  after  wheat,  it  was 
because  the  first  crop  had  poisoned  the  land  to  plants  of  its  own  kind. 
If  after  an  intervening  naked  fallow  a  second  wheat  crop  could  be  safely 
grown,  it  was  because  during  the  yeai  of  test  the  poisonous  matter  had 
lime  to  decompose  and  become  again  fitted  to  feed  the  new  crop.  And 
if,  after  beans  or  turnips,  wheat  grew  well,  JC  was  because  the  excretions  of 
these  plants  were  agreeable  to  the  young  wheat,  and  fitted  to  promote 
its  growth. 

Thus  easily  explained  were  the  benefits  both  of  a  rotation  of  crops 
and  of  naked  and  other  fallows — and  supported  at  once  by  its  own  beauty 
and  by  the  great  name  of  DecandoUe,  this  explanation  obtained  for 
many  years  an  almost  universal  reception. 

But  though  there  seems  reason  enough  for  believing  (p.  82)  that  the 
roots  of  plants  really  do  give  out  certain  substances  into  the  soil — there  is 
no  evidence  that  these  excretions  take  place  to  the  extent  which  the 
theory  of  DecandoUe  would  imply — none  of  a  satisfactory  kind  that 
they  iu-e  noxious  to  the  plants  from  which  they  are  excreted* — and none 
that  they  are  especially  nutritive  to  plants  of  other  species.  Being  un- 
supported by  decisive  facts  and  observations  therefore,  the  hypothesis  of 
DecandoUe  must,  for  the  present,  be  in  a  great  measure  laid  aside,  and  we 
must  look  to  some  other  quarter  for  a  more  satisfactory  theory  of  rotation. 

The  trae  general  reason  why  a  second  or  third  crop  of  the  same  kind 
will  not  grow  laell,  is — not  that  the  soil  contains  too  much  of  any,  but  that 
it  contains  too  little  of  one  or  more  kinds  of  matter.  If,  after  manmins, 
tumips  grow  luxuriantly,  it  is  because  the  soil  has  been  enriched  v 


clover  tlnive  after  this,  it  is  because  it  naturally  requires  c 

kinds  of  nourishment  which  neither  of  the  former  crops  has  exhausted. 

If,  again,  luxuriant  wheat  succeeds,  it  is  because  the  soil  abounds  still  in 
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all  that  the  wheat  crop  needa — the  failing  Yegetablo  and  other  matters  of 
the  auiface  beiDg  increased  and  renewed  by  the  enriching  roots  of  the 
preceding  clover.  And  if  now,  turnips  refuse  again  to  give  a  fair  re- 
turn, it  is  because  .you  have  not  added  to  the  soil  a  fresh  supply  of  that 
manure  without  which  they  cannot  thrive.  Add  the  manure,  and  tlie 
same  rotation  of  crops  may  again  ensue. 

We  have  already  had  fireqijent  occasion,  in  studying  the  inorganic 
coDstituents  of  plants,  to  observe  that  different  species  reijuire  very  un- 
like proportions  of  the  several  kinds  of  inorganic  ibod  which  they  deriue 
from  the  soil.  Some  require  a  large  proportion  of  one  kind,  some  of 
another  kind.  If  a  soil,  therefore,  aiowna  espwiially  in  one  of  these  va- 
rieties of  inorganic  food,  one  kind  o£  plant  will  especially  flourish  upon 
it — while,  if  it  be  greatly  dejicienl  in  aiiother  substance,  a  second  plant 
will  remarkably  limguish  upon  it.  If  it  abound  ia  both  substances,  then 
either  crop  will  succeed  wliich  we  may  choose  to  bow,  or  they  may  bt» 
alternately  cultivated  with  a  fair  return  from  each. 

TJpon^tbis  principle  the  true  general  CKplanation  of  the  benefit  of  a 
rotation  of  crops  appears  to  depend.  There  may  be  special  cases  in 
which  peculiar  qualities  of  soil  or  climate  may  intervene  and  give  rise 
to  appearances,  or  cause  results  to  which  this  principle  does  not  apply, 
but  for  the  general  practice  it  seems  to  afford  a  satisfactory  esplanaiion. 

It  may  be  said  that  this  esplanation  seems  to  im  ply  that  the  same 
kind  of  crop  maybe  reaped  from  the  same  soil  for  an  indefinite  number  of 

f rears,  by  simply  adding  to  it  what  the  crop  canies  off.  This  is  certain- 
y  implied  in  the  principle — and  if  we  kneui  exactb/  what  to  add  for  each 
crop,  we  might  possibly  attain  this  result,  except  m  cases  where  the  soil 
undergoes  some  gradual  chemical  alteration  within  itself,  which  it  may 
require  a  chftnge  of  treatment  to  counteract.  At  all  events  it  does  not 
seem  impossible  to  obtain  crop  after  crop  of  the  same  kind — and  we  may 
hope  hereafter  not  only  to  be  able  to  effect  this,  but  to  do  it  in  a  suffi- 
ciently economical  manner. 

Two  practical  rules  are  suggested  by  the  fact  that  different  plants  require 
different  substances  to  abound  in  a  soil  in  which  they  shall  be  capable  of 
fiourishiug. 

1°.  To  grow  alternately  as  many  difierent  classes  or  families  of  plants 
as  possible — ^repeating  each  class  at  the  greatest  convenient  distance  of  time. 
In  this  country  we  grow  chiefly  root  crops,— com  plants  ripened  !br 
seed, — leguminous  plants  sometimes  for  seed  (peas  and  beans),  and 
"  r  hay  or  fodder  (clover  and  lares), — and  grasses,  and  these 
_  ears.  Every  four,  five,  or  six  years,  therefore,  the  culture 
of  the  same  class  of  plants  comes  round  again,  and  a  demand  is  made 
upon  the  soil  for  the  same  kinds  of  food  in  the  same  proportion. 

In  Other  countries — tobacco — flax — rape,  poppy  or  madia,  cultivated  for 
their  oily  seeds— or  beet  for  its  sugar,  can  be  cultivated  with  profit,  and 
being  interposed  among  the  other  crops,  they  make  the  return  of  each 
class  of  plants  more  distant.,.  A, perfect  rotation  would  include  all  those 
classes  of  plants  which  the  soil,  dimate,  and  otiier  circumstances  allow 
to  be  cultivated  with  a  profit. 

""     A.  second  rule  is  to  repeat  the  same  species  of  plant  at  the  greatest 
■-iut  distance  of  time.     In  com  crops  there  is  not  much  choice, 
a  four  years'  course  two  corn  crops,  out  of  the  three  (barley, 
21*  (■ ,1,. 
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wheat,  oats)  usually  grown,  must  be  raised.  But  of  the  leguminoua 
crops  we  liave  the  choice  of  beans,  peas,  vetches,  and  clover — of  root 
crops,  turnips,  carrots,  beeo,  and  potatoes — while  of  grasses,  there  is  a, 
great  variety.  Instead,  therefore,  of  a  constant  repetition  of  the  turnip 
every  four  years,  theory  says — make  the  carrot  or  the  potatoe  take  its 
place  now  and  then,  and  instead  of  perpetual  cbver,  let  tares  or  beans, 
or  peas,  occasionally  succeed-  to  your  crops  of  com.  The  lajid  loves  a 
change  of  crop,  because  it  is  better  prepared  with,  that  food  which  the 
new  crop  will  relish,  than  witK  such  as  the  plant  it  has  long  fed  before 


j>  require. 

It  is  for  this  reason  that  new  species  of  crop,  or  new  varieties,  when 
first  introduced,  succeed  remarkably  for  a  time,  and  give  great  and  en- 
couraging returns.  But  they  are  continued  too  long — till  the  soil  has 
been  exhausted  in  some  degree  of  those  substances  in  which  the  new 
crops  delighted.  They  cease  in  consequence  to  yield  as  before,  aud  fall 
into  undeserved  disrepute.  Give  them  a  proper  place  in  a  long  rotation, 
and  they  will  not  disappcant  you. 

It  is  constant  variety  of  crops,  which,  with  rich  maaurii^,  maltes  our 
Qiarket  gardens  so  productive— an  J  it  is  the  possibility  of  growing  in  the 
fields  many  different  crops  in  succession,  that  gives  tiie  fertility  of  a  gar- 
den to  parts  of  Italy,  Flanders,  and  China.* 

§  5.  Why  land  becomes  Ured  of  clover  (chver-sick). 

What  I  have  said  of  the  general  principle  might  be  suppt)sed  to 
e)L*j)lain  fully  why  crops  fail  at  one  time  and  succeed  at  another — why 
the  soil  will  nourish  one  plant  well,  while  it  is  unable  adequately  to  sus- 
tain another.  But  a  hrier  reference  to  the  case  of  the  clover  plant  will 
enable  us  to  see  how  modes  of  culture,  apparently  skilful  and  generous, 
may  yet  be  of  such  a  kind  as  to  lead,  sooner  or  later,  to  the  inevitable 
failure  of  a  particular  crop. 

It  is  known  that  upon  many  well  cultivated  farms  the  lands  become 
now  and  then  tired  or  sick  of  clover,  and  this  crop  failing,  the  wheat 
which  succeeds  it  in  a  great  measui*  fails  also.  It  may  be  said  that  the 
BoU  in  such  a  case  is  in  want  of  something,  and  so  it  is, — but  how  does 
this  deficiency  of  supply  arise  ?  The  land  is  skilfully  managed  and 
has  been  well  manured,  and  tlie  failure  of  the  clover  crop  is,  tlierefbre,  a 
matter  of  surprise. 

If  farm-yard  manure  be  copiously  applied  previous  to  the  root  crop, 
the  land  has  received  a  certain  more  or  less  abundant  return  of  all  those 
substances  Johkh  the  last  rotation  of  crops  had  carried  offfroia  it, — and 
which  the  new  rotation  will  require  S>r  food.  When  the  clover  comes 
round,  therefore,  a  supply  of  proper  food  is  ready  lijr  it,  as  well  as  for 
the  wheat  which  is  to  follow. 

But  if  the  turnip  crop  be  raised  by  means  of  bones  only,  the  lime 

scribed  bT  Mr.  lames  Wilson  aa  Inog  pisclised  Id  ShelLand,  In  the  nelgtibourhood  of  Ler- 
wick. "ItlB  kmwn  Ihal  bear  has  been  Bmwo  In.Uiesama  palchfor  perhape-IDO  ;ears  surj. 
cesGlvely,  end  tliia  tbei  managed  by  scarifying  alher  parts  of  [he  g^und  (the  oul-field  por- 
tion), and  renoTitlnc  [tm  arable  palch  by  spreading  II  over  Ihe  surface."    This  was  neyltj 

mnch  herriM  refuse  Is  employed  as  a  manure,  and  ibe  Improved  land  lels  al  EOs.  an  Kit. 
—Wilson's  Voyagiraund  Ite  Coast  of  StoUand,  II.,  p.  >i63. 
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and  pliosphoric  acid  wMchlhe  earth  of  bones  conialiis  are  almost  the  only 
kinds  of  inorganic  £>od  required  by  plants  tliat  are  returned  M  tlie  Boil. 
By  tlie  aid  of  (he  animal  matter  and  the  small  supply  of  other  substances 
in  the  bones,*  good  crops — and  especially  the  turnips  and  the  com  which 
immediately  follows  themr — may  be  raised  for  a  few  rotations,  but  at 
every  return  the  clover  and  wheat  will  become  more  unhealthy,  fill  they 
at  length  appear  to  wcken  upon  the  land.  Neither  bones  nor  rafie-dust 
nor  any  such  single  substance  can  replace  farm-yard  manace  for  an  in- 
deSnite  period,  because  it  does  not  contain  all  the  substances  which  the 
entire  rotation  of  crops  requires. 

If  wood-aahes  be  used  a]ong  with  the  bones,  the  bad  effects  I  have  des- 
cribed will  be  much  longer  delayed — they  may  even  he  delayed  indefi- 
jiitely,  since  wood-ashes  are  said  to  be  especiallyfavourable  to  the  growth 
of  clover  and  other  leguminous  plants,  (p.  353J,  and  this  because  they 
contain,  those  substances  which  the  clovers  reqnn^. 

It  thus  appears,  therefore,  that  while  the  failure,  upon  a  given  spot,  of 
a  crop  which  formerly  grew  well  there,  is  explained  generally  upon  the 
principle  that  the  soil  has  become  deScient  in  somethmg  which  the  crop 
requires — the  cause  of  this  deficiency  may  not  imfrequently  be  found  in 
the  mode  of  culture,  or  in  fhe  species  of  manuring  which  the  land  has 
received.  The  cause  being  discovered,  the  remedy  is  easy.  Cease  to 
employ  exelusivdy  the  manure  with  which  your  land  has  hitherto  been 
dressed.  Mik  your  bones  or  rape-dust  with  wood-ashes,  iriih  gypsum, 
or  with  other  portable  manures  in.  which  the  necessary  food  of  your 
crops  is  present — or  employ  farm-yard  manure  now  and  then  in  their 
stead,  and  you  will  apply  flie  most  likely  remedy.  Unless  this  be  done, 
it  will  be  of  comparatively  little  service  to  vary  the  species, — to  suhsti- 
tnte  tares  or  beans  for  the  clover, — since  these  aJso  will  refuse  to  grow 
while  the  samS  incorrect  system  of  manuring  is  persisted  in, 

I  i}ave  already  drawn  your  attention  (p.  ,477)  to  the  falling  of  the 
clover  crops  in  certain  parts  of  Stafibrdshire,  where  the  tiirnips  are 
raised  by  means  of  rape-dust — and  of  the  mode  of  improving  them  by  a 
top-dressing  of  farm-yard  manure.  Were  this  manure  laid  in  witli  the 
turnips,  the  after  top-dressing  would  most  probably  not  be  required. 

5  6.   Of  the  theory,  offathws. 

By  fallowing,  it  has  been,  known  in  all  ages  that  the  produce  of  the 
laud  was  capable  of  being  increased.  How  is  this  increase  to  be  ac- 
counted for?  "We  speak  of  leaving  the  land  to  rest,  but  it  can  never 
really  become  wearied  of  beating  crops.  It  cannot,  through  fatigue,  lie 
in  need  of  repose.  In  What,  then,  does  the  efficacy  of  nalied  fallowing 
consist  ? 

1°.  in  stronff  clay  lands  one  gieat  benefit  derived  firom  a  naked  fallow 
is  the  opportunity  it  affords  for  keeping  the  land  clean.  In  such  soils  it 
is  believed  by  many  that  weeds  cannot  possibly  be  eatirpated  without  an 
occasional  fallow.  It  is  certain  that  naked  fallows  are  had  jrecourse  to 
in  many  places  for  the  purpose  of  cleaning  the  land,  where  if  it  could 
easily  have  been  kept  so  by  other  means  they  would  not  have  been 
adopted.  Is  it  not  the  case  on  some  farms  that  a  neglect  of  other  avail- 
able methods  of  extirpating  weeds  has  rendered  necessary  the  assistance 
*  For  llie  comrsMtloD  of  bones,  see  paje  US.  ('•■  T  , 


of  a  naked  fallow,  while  on  similar  farms  ia  llie  aaine  neighlionrhood 
they  can  easily  be  dispensed  with.1 

2°.  lo  a  Baked  fallow,  where  the  seeds  are  allowed  tp  sprout,  and 
young  plants  to  shoot  np,  which  are  afterwards  plcoighed  in,  the  land  ia 
enriched  by  agceen  raanuiing  of  greater  or  less  extent.  If  weeds  abound, 
lie  earichmg  is  the  greater — if  they  ace  more  scanty,  it  is  less — but  in 
almost  every  instance  where  land  lies  without  an.  artificial  crop  diiiing 
the  whole  summer,  a  crop  of  natural  herbage  springs  up,  the  burying  of 
which  in  the  soil  must  be  productive  of  considerable  good. 

3°.  When  land  is  assiduously  cropped,  the.  surface  in  which  the  roots 
chiefly  extend  themselves  becomes  especially  exliausted.  In  indiffer- 
ently work»iland  some  parts  ofthis  surface  n:iay  be  more  exhausted  than 
oUiers.  By  le^aving  such  soils  to  themselves,  the  raina  that  fall  and 'more 
Or  leas  circulate  through  them  equalize  the  condition  of  the  whole  sur- 
face soil — in  so  far  as  the  soluble  auls'tances  il  contains  are  concerned. 
The  water  also,  which  in  dry  weather  ascends  from -beneath,  brings 
with  it  saline  and  other  soluble  compounds,  and  imparts  them  to  the  up- 
per layers  of  the  soil.  Thus,  by  lyin^  fallow,  the  land,  becomes  enuo- 
bly  furnished  over  its  whole  surface  withallthqse  substances  reimired  by 
plants  which  are  anywhere  to  be  found  in  it.  The  roots  of  the  crop, 
therefore,  can  more  readily  'procure  them,  and  thus  the  plants  more 
leadUy  and  more  quickly  grow.  Ia  some  cases,  this  beneficial  action  of 
the  naked  falloiii  imlt,  to  a  cerlam  extent,  make  iip  for  ahalloiB  plcmghing, 
and  for  ifisuffident  working  (ftke  land. 

i°.  It  is  known  that  the  subsoil  in  many  places  is  of  such  a  nature 
that  it  must  be  turned  up  to  the  surface,  and  exposed  for  a  considerable 
period  to  the  action  of  flie  air,  before  k  can  be  safely  mixed  with  the  sur- 
face swl.  To  a  less  degree  stiff  clay  lands  acquire  this  noxious  quality 
during  the  ordinary  course  of  cropping.  .  Air  and  water  do  not  find  their 
way  through  them  in  sufKciect  quantity  to  retain  them  in  a  healthy 
condition,  and  thus  they  require  an  occasional  fallow  with  re[jeated 
ploughinga,  that  the  air  and  the  rains  may  have  access  to  their  inner? 
most  parts.  I  do  iiot  detail  the  speciBc  chemical  changes  which  are  in- 
duced by  this  exposure  to  the  air  and  rain ;  it  is  sufHcient  that  they  are 
of  a  kind  to  render  the  soil  more  propitious  to  the  growth  of  crops,  to 
satisfy  us  that,  upon  very  stiff  lands,  one  of  the  benefits  of  fallowing  is  lo 
be  thus  accounted  for. 

We  have  seen  that  one  of  the  important  benefits  of  draining  is  tha 
permeability  it  imparts  to  the  soil.  The  surface  water  is  permitted  to 
escape  downwards,  and  as  itsinks  to  the  drain  the  air  follows  it,  so  thai 
the  very  deepest  part  of  the  soil  from  which  the  water  runs  off,  is  ten- 
dered wholesome  by  the  frequent  admission  of  new  supplies  of  atmos- 
pheric air. 

It  thus  appears  that  in  a  certain  sense  draining  and  faUounns  may 
(aS:e  Aepiaee  o/^eacA  ofcr-^that  where  there  is  no  drainage,  fallowing 
is  more  necessary  and  will  partially  supply  its  place,  and  thatwhere  a 
good  drainage  exists,  the  use  of  naked  fallows  even  upon  stiff  clay  lanife 
becomes  less  necessary. 

5',  I  have  already  bad  occasion  to  speak  of  llie  exisleiice  of  organie 
(animal  and  veg8ta.hle)  matter  in  tlie  soil,  in  a  so-called  inert  state — a 
state  in  which  it  undergoes  decay  very  slowly,  and  thus  only  ii)  a  small 


degree  diacharges  those  fimciions  for  which  vegetable  matter,  in  flieaoilia 
speciallj[  destined.  In  stiff  clays  also,  the  roots  of  plants,  without  actn- 
aily  attaining  this  inert  state,  yet  decay  with  eKtreme  slowness  in  conse- 
qnenoe  of  their  being  so  completely  sealed  up  ftom  the  access  of  the  air. 
In  both  cases  the  fceqnent  arid  prolonged  exposure  which  a  nalied  fallow 
occasions,  induces  a  more  rapid  decay  of  this  vegetable  matter,  or  bringa 
it  into  a  state  in  which  its  elements  more  readily  assume  those  new 
forms  of  combination  which  are  capable  of  ministering  to  the  eitstenance 
and  growth  of  plants. 

Among  the  other  compounds  whicli  are  produced  (p.  161)  during  this 
prolonged  exposure  and  more  rapid  decay  of  the  organic  matter  of  the 
soil,  nitric  acid  is  one  whicli  appears  to  exercise  a  considerable  in- 
fluence upon  the  future  fertility  of  the  land.  The  favourable  action  of 
the  nitrates  in  promoting  vegetable  growth  is  now  well  known,  and 
the  more  rapid  formation  of  these  compounds,  when  the  land  lies  na- 
ked to  the  action  of  the  sun  and  air,  must  not  be  neglected  among  the 
fertilizing  influences  of  the  summer  fallow. 

6°.  The  soil,  besides  the  clay,  (quaitz)  sand  and  lime  of  which  it 
chiefly  consists,  contains  also  fragments  of  mineral  substances  of  a  com- 
pound nature — of  felspar,  of  mica,  of  hornblende — of  those  minerala 
which  constitute  or  which  occur  in  the  granitic  and  trap  rocks.  These 
slowly  decompose  in  the  soil — more  rapidly  also  the  rrtore  freely  they 
are  exposed  to  the  air — and  the  substances  {potash,  soda,  lime,  magne- 
sia, silica,  &c.*)  which  they  contain,  are  by  this  decomposition  diffused 
more  equably  and  brought  within  the  more  easy  reach  of  the  roots  of 
plants.  When  these  minerals,  therefore,  exist  in  the  soil,  and  when 
their  constituents  are  of  such  a  kind  as  to  favour  the  growth  of  any  given 
plant,  the  effect  of  a  naked  fallow  being  to  produce  an  accumulation  of 
their  constituent  substances  in  the  soil,  it  will  be  so  far  favourable  in  pre- 
paring the  land  for  an  after-crop  of  that  particular  species  of  plant. 
You  are  not  to  be  mided,  however,  by  any  broad  and  unguarded  state- 
ments of  scientific  men,  so  as  to  imagine  tor  a  moment  that  the  benefi- 
cial effects  of  fallowing  in  any  case  arc  to  be  solely  ascribed  to  the  oper- 
ation of  this  one  cause.f 

7°.  The  rains  bring  down  upon  every  soil  periodical  supplies  of  aJ 
those  saline  substances — common  salt,  gypsum,  salts  of  lime,  of  mag- 
neaa,  and  of  potash  in  minute  quantity — which  exist  in  the  sea,  and  of 
nitrate  of  ammonia,  produced  or  present  in  the  air.  If  any  soil  be  defi- 
cient in  these,  then  a  year's  rest  from  cropping,  by  allowing  them  to  ac- 
cumulate, may  cause  the  sncceetling  herbage  to  exhibit  a  more  luxuriant 
growth. 

8°.  The  same  remark  applies  to  soils  into  which  springs  from  beneath 
bring  up  variable  quantities  of  lime  and  other  substances  which  the  wa- 
ters\hold  in  solution.  Such  springs  are,  no  doubt,  of  much  benefit  in 
some  districts,  and  when  the  supply  they  convey  is  scanty,  a  year's 
aocumulation  may  impart  additional  fertihty  to  the  fallowed  land. 

9°,  Besides  that  beneficial.aetion  of  the  air  to  which  I  have  already 
adverted  (4°  and  5°),  and  which  is  to  be  ascribed  m^nly  to  the  influ- 

t  F^lowis  the  t«rm  apiilled  lo  ]qj\6  left  airsal for Jurl&erdiaintegTir^ioju — I-iebig's  Organic 
Chaaisl'n/  ap^led  lo  igrloMme,  p.  U9. 


ence  of  the  oxygen  it  contains — Am  exposure  of  ihe  naked  soil  to  the  ai- 
mosphere  for  a  leogtli  of  time  is  said  by  some  to  be  productive  of  anotlier 
good  effect.  The  ainiospliere  contains  a  small  and  variable  portion  of 
ammonia  (p,  156).  Of  tliis  amnumui,  a  portion  is  brought  down  by  the 
rains  and  a  portion  is  probably  absorbed  by  the  leaves  of  plants  as  they 
spread  themselves  through  the  mr.  But  the  clay,  the  oxide  of  iron,  and 
the  organic  matter  of  the  soil  are  supposed  also  to  have  the  power  of 
extracting  this  ammonia  from  the  atmosphere  and  retaining  it  in  theit 
pores.  If  so,  the  more  the  soil  is  exposed,  and  for  the  longer  period 
to  the  air,  the  more  of  this  substance  will  it  extract  and  absorb.  If 
turned  over  by  frequent  ploughing,  it  will  be  able  to  drink  it  in  more 
abundantly,  ftom  thegreacer  surface  it  can  present  to  the  passing  winds; 
and  if,  besides,  it  be  kept  naked  for  an  entire  year,  a  still  larger  accumu- 
lation must  lake  place.  And  as  this  ammonia  is  known  in  many  cases 
to  be  favonrable  in  a  high  degree  to  the  growth  of  plants,  it  is  not  un- 
reasonable to  believe  that  i/"(/iusaWr6^tfiB  quantityjroiii  (he  air,  it  should 
he  one  source  at  least  of  the  augmented  fertility  of  fallowed  land. 

To  one  or  otiier — or  to  all  of  these  causes  combined — the  acknowledged 
benefit  of  naked  fallows  is  in  a  great  degree  to  be  ascribed. 

01^  green  or /allow  crops  little  need  be  said  in  addition  to  what  I  have 
alreai^  iaid  before  you  in  reference  to  the  rotation  of  crops.  The  green 
crop  demands  a  comparatively  small  supply  only  of  those  inorganic  sub- 
stances whfch.  the  com  crops  specially  require.  During  its  growth, 
therefore,  these  latter  accumulate  iii  the  same  way,  though  in  a  some- 
what less  degree  than  during  a  naked  fallow.  But  the  adJitional  vege- 
table matter  and  LTianure  which  the  green  crops  introduce  into  the  soil, 
and  the  lai^e  supplies  of  inorganic  matter  which  such  of  them  as  are 
deep-rooted  bring  up  from  beneath,  amply  compensate  for  any  diminu- 
tion ihey  may  cause  in  the  benefits  which  are  usually  derived  fram  the 
naked  fallow. 

§7.  Of  wheat  and  tvkeaten  flour. 

The  grain  of  wheat  in  the  hands  of  the  miller  is        li     sepa  a    d  in 
two  portions — the  husk,  which  forms'  the  bran,   and  gr  p 

of  the  pollard — and  the  kernel,  whidi,  when  ground  h        n 

flour.     The  relative  weights  of  these  two  parts  vary      ry         h  n 

varieties  ofgrain  are  much  smoother,  more  ti'an  pai  d  thi 

skinned  than  others,  and  yield  in  consequence  a    arg  m         h 

finest  flour^     In  good  wheat  the  husk  amounts  to     4  p 

tiie  whole  weight* — though  the  quantity  aeparatei   by  tl 
sometimes  not  more  than  Jth  (or  11  per  cent.)  o     h     w      h         th 
wheat. .   In  making  the  fine  white  flour  of  the  i     tr  po       ad      h 
large  towns,  about  -Jth  of  the  whole  is  separated  in   h     arm       po     rd 
and  bran.     The  proportion  of  the  huslt  that  can  be   if  d    u    a  th    iutI 

■  BouaainEBUll  fnundttB  mncli  asBSJi  Percenl.  of  huEk  on  a  winter  wheal  grown  in  Iha 
bolaqlc  ganlen  of  Patia.  Three  lola  of  good  English  wheat,  ground  at  Mr,  Robain's  mil]  in 
Burhim,  gsie  pet  oenl.  respeclitelj— 
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depends  considerably  upon  die  hardness  of  Uie  grain.  From,  suet  as  is 
soft  it  peels  offio  flakes  under  the  stones,  whereas,  when  the  grain  and 
miaU  are  fiinfy,  much  of  the  latter  is  crushed  and  ground— -adding  to  the 
weight  of  the  flour,  but  giving  ita  darker  colour,  and  lowering  ita  quality. 

The  country  millers  generally  separate  their  wheaten  fioar  by  sifting 
into  four  parts  only — fine  flour,  boxings,  sharps  or  pollard,  and  bran. 
In  London  and  Paris  no  less  than  six  or  seven  qualities  are  manufae- 
lured  and  sold  by  the  millers.*  The.  value  of  the  wheat  to  the  miller 
depends  very  much  upon  the  quantity  of  Rne  flour  it  ■will  yield,  though 
he  cannot  always  judge  accurately  of  this  point  by  simple  inspection. 

The  experimental  wheats  of  Mr.  Burnet,  of  Gadgirth.f  raised  all  from 
the  same  seed  differently  manured,  gave  respectively  54 J,  63',  65§, 
66i,  68|,  and  76i  lbs.  of  fine  flour  from  100  of  wheat,  so  that  the  kind 
of  manure  applied  to  the  land  appears  materially  to  aflect  the  relative 
proportions  of  flour  and  bran. 

Again,  Colonel  le  Couleur's  samples  of  wheat  (p. 189)  of  different  va- 
rieties, grown  under  the  same  circumstances,  gave  from  one  field  60| 
and  79f  lbs.,  and  from  another  72J  and  78J  lbs.  from  100  of  wheat — so 
iliat  upon  the  variety  of  seed  sovm  also,  though  in  a  less  degree,  the  quan- 
liiy  of  fine  flour  is  dependent. 

§8.  Of  the  composition,  of  wheaten  flour. 
i°.  Water. — When  wheat  is  Uept  for  ayear  it  loses  a  litfle  water,  be- 
coming one  or  two  pounds  a  bushel  heavier  than  before.  When  put  into 
the  mfll  and  ground  it  becomes  very  hot,  and  gives  off  so  much  watery 
vapour,  that  the  flour  and  bran,  though  together  nearly  twice  as  balky, 
are  nearly  3  per  cent.  ligMer  dian  the  grain  before  it  was  ground.  A 
further  loss  of  weight  is  said  to  lake  jilace  when  the  flour  is  kept  long  in 
the  sack.  If  fine  flour  be  slowly  lieated  to  a  temperature  not  highei 
than  920  for  several  hours,  it  loses  a  quanlitv  of  water,  which,  in  up- 
wards of  20  samples  of  English  flour  which  I  fiave  examined,  has  varied 
from  15  to  1?  per  cPut  of  the  whole  weight.  It  may,  therefore,  be  as- 
sumed, fliat  English  flour  contains  nearly  a  sixth  part  of  its  weight  of 
water — or  every  six  poundn  oi  fine  flour  contain  nearly  one  pound  of 

3°.  Gluten,  albumen,  caserne,  starch,  ^m,  and  sugar. — When  the 
flour  of  wheat  is  made  mto  dough,  and  is  then  washed  carefully  with 
successive  portions  of  water  upon  a  fine  gauze  or  hair  sieve,  as  long  as 
the  liquid  passes  through  milky,  the  flour  is  separated  into  two  portions — 
the  starch,  which  subsides  from  the -water,  and  the  g-J«(«n,  whidi  remains 
in  the  sieve  (p.  116).  If  (he  water  he  poured  off,  after  the  starch  has 
subsided,  and  be  heated  nearly  to  boiling,  it  becomes  troubled,  and  flakes 
of  vegetable  albumen  (p.  117)  are  seen  to  float  in  it.     On  setting  aside  to 

-  These  .re  called  respectively  In  Lnndon  ""? JW- 


Bran  Waste,  (tt,  Remoulage  and  Becoi 

Page  3S2,  and  Appendix,  pp.  5J  and  70. 
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cool,  the  flaky  powder  falls  fo  the  tottom,  and  may  lie  collected,  dried, 
and  weighed.  If  the  water,  after  filtratixin,  he  evaporated  to  dryness  on 
the  water  hath,  a  residue  will  he  ohtained,  which  consisls  chiefly  of  solu- 
hle  sugar,  gum,  and  saliiie  matter,  with  a  little  fatty  matter,  and  sparingly 
eoluhle  caseine*  (p.  117). 

3°.  Glutine  and  oil. — If,  further,  the  crude  gluten  be  boiled  in  alco- 
hol, a  solution  is  obtained  wliich,  on  cooling,  deposits  a  white  flocky  sub- 
stance, havingmuch  resemblance  to  caadne.  "When  the  clear  solution  is 
concentrated  by  evaporation,  water  separates  from  it  an  adhesive  mass, 
which  consists  of  a  substance  to  which  the  name  of  giaiine  is  given, 
milted  with  a  little  oil.  By  digesting  the  mixed  mass  in  ether  ihe  oil  is 
dissolved  out  from  the  glutine,  and  may  be  ohtained  in  a  pure  state  by 
evaporating  the  ethereal  solution.  This  oil  possesses  the  general  pio- 
perties  of  the  fatty  oils,  or  of  butter.  As  it  is  partly  washed  oiit,  how- 
ever, along  with  the  starch,  the  whole  of  the  fatly  matter  of  the  flour  ia 
best  obtained  by  boiling  it  in  a  considerable  quantity  of  ether. 

i°.  Vegelahle  jihrine. — The  crude  gluten,  after  toiling  in  alcohol,  has 
much  resemblance  to  the  fibre  of  lean  beef,  and  lias  therefore  been  named 
vegetable  tibrine.  When  burned,  it  leaves  belijiid  an  ash,  containing, 
among  other  substances,  the  phosphates  of  lime' and  magnesia,  which 
are  to  be  considered  also  as  among  the  usual  constituents  of  wheaten 

Thus,  fine  wheaten  flour,  in  addition  to  the  water  it  contains,  and  to 
the  small  quantity  of  bran  which  is  ground  up  along  with  It,  consists  of 
vegetable  fibrine,  albumen,  caseine,  glutine,  starch,  sugar,  gum,  oil  or 
fat,  besides  the  saline  substances,  chiefly  phosphates,  ivbich  remain  in 
the  form  of  ash,  when  the  flour  is  burned.  AH  these  substances  vary  in 
quantitt''  in  different  samples  of  flour,^:^eir  relative  proportions  appear- 
ing 10  depend  upon  a  variety  of  circumstances  as  yet  little  understood. 
In  the  various  analyses  of  flour  that  have  hitherto  been  published,  little 
attention  has  been  paid  to  the  per-centageof  oil,  of  glutine,  or  of  caseine, 
■which  the  specimens  examined  have  severally  contained.  In  geaera!, 
the  weight  of  the  crude  gluten  only  has  been  estimated,  without  extract- 
ingftom  it  either  the  oil  or  the  glutine. 

The  following  table  exhibits  the  approximate  composition  of  some 
varieties  of  French  and  Odessa  flour  as  determined  many  years  ago  by 
VauquelinJ  : — 

evaporalioii,  and  Uiough  Ills  gcdemH)' present  onij  in  a  small  proporUon  (Ji  ro  1  percent.), 
jel  Ihs  comparaliye  quanliliea  fireaEiil  in  Iwo  samples  of  flour  may  be  Judged  of  bj  ihe 
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5  9.   Of  ffie  influence  of  soil  and  climate  on  the  comfodtion  of 
wheaten  flow. 

1°.  The  nature  of  the  soil  has  a  sensible  inilnence  upon  the  liomposi- 
tion  of  the  gtaia  that  is  reaped  from  it.  The  propojtion  of  gluterl,  for 
example,  is  said  to  be  generally  greater  in  grain  which  is  reaped  from 
calcareons  aoils,  or  from  stich  as  abound  in  organic  matter.  In  the  north 
of  Ireland,  this  fact  has  been  observed  in  regard  to  the  wheat  grown  in 
the  limestone  districts ;  and  the  millers  of  the  midland  counties  of  Eng- 
land (on  the  new.red  sandstone)  are  accustomed  to  mix,  with  their  native 
com,  that  of  the  chalk  districts  to  the  east  and  south,  for  the  purpose  of 
pving  additional  strength  to  their  floor. 

Climate. — The  wheat  of  warm  climates  also  ia  supposed  usually  to 
contain  more  gluten.  Thus  flour,  prepared  from  some  Eastora  wheats, 
compared  with  that  fmm  others  of  French  growth,  was  found  to  contain 
water  and  dry  gluten  in  the  following  proportions: 

per  cenl.  per  ocnl! 

French,     Saissette J.5-1  12-7 

Kochelle 12-9  11-3 

Bri& 13-5  10-7 

Tuzelle 13-0  8-3 

Odessa 13-0  15.0 

Taganrog* 12-6  22-7 

The  quantity  of  gluten  contained  in  English  flour  has  generally  been 
Stated  much  too  high.  Thus,  Sir  Humphrey  Davyf  says  that  he  ob- 
tained &om  the  flour  of — 

per  cent.  per  cent 

English  winter  wheat     19  Barbary  wheat    23 

English  spring  wheat    24  Sicilian  wheat    21 

^nd  others  have  given  numbers  neatly  as  high.  But  the  gluten  ia 
very  difficult  to  dry,  and  I  believe  that  the  large  per-centage  of  this  sub- 
stance assigned  by  previous  experimenters  has  arisen  from  the  water  not 
being  sufficiently  expelled  frona  it  by  prolonged  heating  to  220°  F,  I 
select  the  following  from,  a  greater  number  of  determinations,  carefully 
made  in  my  laboratory : — 

*  Taeuirog,  Bl  the  head  of  the  sea  or  Aso]ih,  eiporla  the  produce  of  Ihebmka  oT  (be 
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.  6a)  17-5  8'L  At  Snaderland  Bridge,  near  DurlMUD. 

.  ^  16  4  9-5  AlKimble^worcli,  nsarDuchtun. 

.  63  ISO  8-6  AlHniiBhall.nearDiiinaiii. 

.  63}  16  S  9  9  Near  Nonti  Dei^li  con.  Vorkahiie. 

',  61)  16-3  9-4  A[(i^lnh,nearAyr(Appeni]lx,p.S9.) 


In  all  ttieae  cases  the  quantity  of  gluten  fallsfar  short  of  that  assigned  to 
English  flour  by  Davy;  yet  we  may  safely,  I  think,  conclude  from  them 
that  English  flour  seldom  contains  more  than  10  per  cent,  of  dry  gluten. 
The  flour  front  North'  Deigtton,  which  gave  9-9  per  cent,  was  grown 
upon  a  thin  limestone  soil,  and  taa,y  perhaps  owe  its  larger  per-eentage 
to  this  circitmstance. 

But  these  numbers  do  not  indicate  the  exact  quantity  of  nitrogen-hold- 
ing food  which  these  flours  contained.  For  in  the  gluten  there  is  al- 
ways present  a  variable  quantity  of  latty  matter  whicli  contains  no  nitrogen, 
and  which,  if  extracted,  woujd  lessen  considerably  the  weight  of  the  glu- 
ten in  some  of  the  flours.  On  the  other  hand,  however,  the  water  em- 
ployed in  washing  out  the  starch  holds  in  solution  some  albumen  and 
I,  which,  having  the  same  composition,  might  be  added  to  theglu- 
...■^     .   .-.g  weight.     Thus  in  a  sample  of  flour* 

Gluten  ....  9-3  per  cent. 
Albumen  ....  0'45  per  cent. 
Casein         ....         0-40  per  cunt. 

Mailing  in  all  . .  .        10-15  of  substances  which  contain 

1  general  in  estimating 
e  value  of  wheaten  flour — in  so  far  as  it  depends  upon  these 
nitrogenous  compounds — by  the  per  eenta^eof  dry  gluten  which  a  care- 
ful "washing  enables  us  to  separate  from  it.  Further  researches,  how- 
ever, which  are  now  in  progress,  will  throw  much  additional  light  upon 
this  suhject. 

§  10.  Itifiuence  ofvariely  of  seed,  of  mode  ofcullare,  of  lime  of  cutting, 

and  of  special  manures,  on  the  composilimt  of  toheal. 

1°.   Variety  of  seed  and  mode  of  culture. — The  influence  of  these  two 

circumstances  tipon  the  relative  proportions  of  bran  and  gluten  are  shown 

by  the  following  results  of  the  examination  by  Boussingaultf  of  several 

"    "  a  of  wheat  grown  in  the  Botanic  Garden  at  Paris — 


by  Google 
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In  all  the  samples  the  bran  and  gluten  are  both  very  high,  but  they 
vEuy  much  in  the  several  varieties. 

The  gluten  includes  the  albumen  and  casein  and  other  substaneea  con- 
taining nitrogen,  but  even  though  grown  in  the  rich  soilof  a- botanic  Mt- 
ilen,  I  fear  the  sum  of  these  has  been  estimated  much  too  high.*  The 
same  variety  of  wheat  ^wn  in  the  open. fields  in  Alsace  gave  17-3  of 
gluten,  and  in  the  Botanic  Garden  ofPatis,.26'7  of  gluten. 

2".  The  time  ofcuUing  affects  the  weight  of  produce,  as  well  as  the 
relative  proponiona  of  flour,  bran,  and  gluten.  Thus  fromSequal  patch- 
es of  the  same  field  of  wheat  upon  thin  limestone  soil  at  North  Deighton, 
in  Yorkshire,  cut  respectively  20  days  before  the  crop  was  fully  ripe,  10 
days  before  ripeness,  and  when  fully  ripe,  the  produce  was  in  grain — 

166  lbs.    '  220  Ifts.  209  lli. 

d  by  each,  and  of 


while  the  proportion  of  glntea  contained  in  the  flour  appei 

in  favour  of  that  which  was  reaped  before  the  com  was  fully  ripe.f 

3°.  Special  mcmwrea. — It  is  said  that  the  employment  of  mam 
which  are  rich  in  nitrogen  not  only  causes  a  larger  crop,  hut  also  produ- 
ces a  grain  which  is  much  richer  in  gluten.  The  experiments  which 
have  hitherto  been  chiefly  relied  upon  in  proof  of  this  result  are  those  of 
Herrabstadt  On  ten  paiches,  each  100  srjuare  feet,  of  the  same  soil  (a 
sandy  loam)  manured  with  equal  iBeighls  of  different  manares  in  tke  dry 
s'-itp  he  sowed  equal  ouantities  (j  lb.)  of  the  same  wheat — collected, 
viPighed,  and  analysed  the  produce.  TJig  results  are  represented  in  the 
following  table  — 

-I  ^  it  fi  i-s  if  «=  if  IjI  i| 


11  4     4E-8     43'4     39-9 


Te&iifi)  mffihoil  of  ulltmaie  Bna\y^  aalr  rs  callerl,  hy  which  Ihe  per-r^nlBEC  o(  nflrDApn  id 
dPl'^rminedian*!  Ihc  pn>pnrEinD  of  gluTi?n,  &c.,  calculated  Trom  rlUsr    When  Lho  per.cearagA' 
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(3  is  very  strDiiag,  if  the  deteraiiDatioiis  aire  really  lo  be  depended 
upon.  They  ate  certainly  interesting  ia  a  theoretical  point  of  view,  and 
ate  dnserviogxif  careful  repetition.  In  reference  to  their,  bearing  upon 
practical  farming,  however,  it  inuat  not  be  forgotten,  that  the  results  of 
ein^  experiments  are  never  fully  borne  out  when  Ihey  are  repeated  on 
the  large  scale— that  the  relative,  value  of  different  animal  manures  is 
materially  affected  by  the  kind  of  food  on  which  the  animal  has  lived — 
that  independent  of  manures,  there  are  circumstancea  not  yet  made  out 
which  materially  affect  the  produce  of  single  patches* — and  that  it  will 
rarely  be  in  the  power  of  the  practical  farmer  to  apply  at  pleasure  to  hia 
fields  the  relative  proportiona  of  the  several  manures  used  by  Hermb- 
stadt.  Thtis,  if  instead  of  20  tons  of  farm-yard  maliure  he  wished  to 
try  blood  Or  nrine  alone,  he  inust  apply  24  tons  of  liie  former,  and  70 
tons  of  the  latter— quantities  which  it  might  be  both  ditBcult  to  procure 
and  inconvenient  (o  apply. 

The  most  practically  useful  results  yet  published  in  regard  lo  the  ac- 
tion of  the  different  manures  upon  the  weight  of  the  crop,  the  proportion 
of  flour  yielded  by  it,  and  of  gluten  in  the  flour,  are  those  of  Mr.  Burnei, 
a  draw  your  attention. f     These 


Nothing .    Sljbshls.      763  lbs,  9'1  per  cent 

Siilpliatedurineandwoodashea.     40       "  66i  "  10-5       " 

Do.         and  sulphate  of  soda.    49      "  63j  "  97      " 

Do,  and  common  aalt.      .     4!l       "  651  "  96       " 

Do.         and  nitrate  of  soda.  .    48i    "  54}  "  10  0      " 

We  perceive  here  a  slight  increase  in  the  per-centage  of  gluten  when 

the  manures  were  applied,  but  nothing  which  at  all  resembles  the  great 

differences  given  by  Hermbsatdt,  or  which  renders  it  probahle  tjiat  by 

pkUful  management,  as   some  have   supposed,  we   may  hereafter   be 

able  to  raise  in  our  fields  whole  crops  of  com  which  shall  yield  a  flour 

containing  20  or  30  per  cent,  of  gluten. 

§11.  Of  the  effects  of  germination,  and  of  baking,  upon  the  jlour  of  ■wheat. 

The  effects  of  germination  and  of  baking  upon  the  flour  of  wheat  are 
very  analogous  to  each  other.  In  both  cases,  a  portion  of  the  starch  is 
changed  into  gum  and  sugar. 

V.  Qermmation. — I  have  already  described  to  you  (p.  118),  the  very 
beautiful  change  which  takes  place  during  the  sprouting  of  the  seeds  of 
plants^ — how  a  portion  of  their  gluten  ia  changed  into  diastase,  and  how, 
by  the  agency  of  this  diastase,  t£e  starch  of  the  seed  is  changed  into  gum 
and  sugar.  In  an  experiment  made  by  De  Sausaure,  100  parts  of  the 
farina  of  wheat  had  by  germination  lost  6  parts  of  starch,  and  in  their 
stead  had  acquired  3J  of  gum  and  2i  of  sugar.  The  effect  of  this 
change — which  proceeds  as  the  plant  continues  to  grow — is  to  make  thu 
stari^  soluble,  and  thus  capable  of  entering  into  Uie  circulation  of  tiie 
young  plant. 

9°.  Baking, — It  is  the  larger  propoition  of  gluten  usually  containpd 
in  the  flour  of  wheat  that  renders  it  so  much  belter  fitted  for  the  bakin?  of 


bread  Ihan  the  flour  of  any  otber  grain.  If  the  ghnten  be  washed  ont  of 
the  flour,  and  put  alone  into  the  oven,  it  will  awefl  up,  teeome  full  p£ 
pores,  and  assume  a  large  size.  The  comparative  baking  qualities, 
of  different  samples  of  flour  may  be  judged  of  by  the  height  to  which,  in 
similar  vessels,  me  gluten'of  equal  weights  of  flour  is  thus  observed  to  rise. 
We  have  already  seen  that  by  heatiog  in  an  oven,  dry  starch  is  gra- 
dually changed  into  gum  {Brilisk  gvm,  p.  113),  and  into  a  species  of 
sugar — becoming  completely  soluble  in  water.  Such  a  change  is  pro- 
duced upon  a  portion  of  the  starch  of  wheaten  flour  when  it  is  bahed  in 
the  oven.  Thus  in  100  parts  of  the  flour,  and  of  the  bread  of  the  same 
wheat,  Vogel  found  respectively — 

Flour         ...       68  5  '  — * 

Bread        .         .         .53^  Sj  18 

So  that  a  very  considerable  portion  of  gum  had  been  produced  at  the  ex- 
pense of  the  starch. 

The  yeast  which  is  added  to  the  dough  in  baMng,  acts  in  the  same 
way  as  when  it  is  added  to  the  sweet  wort  of  the  brewer.  It  induces  a 
fermentation  by  which  the  sugar  of  the  flour  is  changed  into  carbonic 
acid  and  alcohol.  The  carbonic  acid  is  liberated  in  the  form  of  minute 
bubbles  of  gas  throughout  the  whole  substance  of  the  dough  and  causes 
it  to  rise,  ihe  alcohol  is  distilled  off"  in  the  oven.  If  toQ  much  water 
have  been  added  to  the  dough — or  if  it  have  not  been  sufficiently  knead- 
ed— or  if  the  flour  be  too  finely  ground — or  if  the  paste  be  not  sutBciently 
(enacioiis  in  issnaiare,  these  minute  bubbles  will  run  into  each  other, 
will  form  large  air  holes  in  the  heart  of  the  bread,  and  will  give  it  that 
open  irregularly  porous  appearance  so  much  disliked  by  the  skilful 
baker.  Good  bread  should  be  full  of  small  pores  and  uniformly  light. 
Suehbreadiaprodueedbyastron^  flour;  that  is,  one  which  iviflnse  well, 
will  retain  its  bulk,  and  will  bear  the  largest  quantity  of  water. 

The  quantity  of  water  which  wheaten  flour  retains  when  baked  into 
bread  depends  in  some  degree  upon  the  quality  of  the  flour.  In  the 
Acts  of  Parliament  relating  to  the  assize  of  bread,  it  is  assumed  that  a 
sack  of  flour  (28t)  lbs.)  wiU  produce  80  quartern  loaves,  or  ^0  lbs.  of 
bread.  According  tii  this  calculation  the  flour  should  lake  up  and  retain 
when  baked  one-seaenth  of  its  weight  of  water.  But  the  quantity  of  water 
retained  by  Ihe  flour  now  in  use  is  very  much  greater,  and  the  profit  to 
the  baker,  therefore,  very  niuch  more  than  this  calculation  supposes. 

This  is  shown  by  die  quantity  of  water  which  is  lost  by  wheaten 
bread,  whether  of  first  or  second  (juality,  when  it  is  dried  by  pralonging 
heating,   at   a  temperature  not  exceetuug  220°   F.     The  home-made 


24  hours. 
24     do. 
42     do. 
36     do. 


So  that  wheaten  bread  one  day  old  contains  about  44,  and  two  days  old, 
about  43  per  cent,  of  water.  Something,  however,  will  depeod  upon 
the  Mze  of  the  loaves. 

This  proportion  is  almost  exactly  the  same  as  tbat  contained  in  the 
white  bread  of  Paris.  According  lo  Dumaa,  the  water  in  the  eomnion 
white  bread  of  Paris  ai 


2 45-7 

4i 45-3 

10 43'0 

24 43-5 

We  may  assume,  therefore,  44  per  cent,  as  very  nearly  the  average 
quantity  of  water  containedin  good  white  bread  both  in  England  and  in 
France.  Bread  baked  for  pubho  establishments  contains  more  water, — 
not  being  genetaUy  so  well  fired,  or  being  baked  in  the  form  of  many 
loaves  stuck  together,  instead  of  in  separate  tins,  as  is  done  with  home- 
made bread.  Such  is  the  case  with  the  soldiers'  bread  of  our  own 
country,  and  the  barrack  bread  of  Paris  (pain  de  munitbn)  which  con- 
tains about  51  per  cent,  of  water. 

We  have  already  seen  (p.  499)  that  English  wheaten  flour  contains,  on 
an  average,  about  16  per  cent,  of  water.  If,  therefore,  the  bread  balied 
from  it,  as  it  comes  from  tlie  mill,  contain  41  per  cent.,  every  hundred 
pounds  consist  of — 

-      Dry  flour ^'^    i    fifil 

Water  in  the  flour  (naturally)  .         lOi  J        " 

Water  added  by  the  haier       ,        .        .      .    33J 

100 
Or,  the  flour,  in  boMng,  takes  up  half  its  weight  of  water.     A  hundred 
pounds  of  flour,  therefore,  as  it  comes  from  the  mill,  will  give  very 
nearly  150  pounds  of  bread.     Thus — 


Water  added  .   .    50 

100  

Weight  of  bread  150 
A  sack  of  flour,  therefore,  or  280  lbs.,  ought  to  give  about  420  lbs.  of 
well  baked  bread.  Something  must  be  deducted  from  this  for  the  loss 
by  fermentation,  and  for  the  dryness  of  tho  crusts.  Allowing  5  percent, 
for  these,  a  sack  of  flour  ahotdd  give  400  lbs.  of  bread  of  the  best  quality," 
or  lOO  quartern  loaves.  The  cost  of  fine  white  bread,  therefore,  com- 
pared with  that  of  corn  and  flour,  ought  to  be  very  nearly  as  follows  : — 


Id  Imve  Uic  uBal  lOr  tiia  ii 


;«> 


46s.  as.  3d.  6ld.  603. 

50s.  29.  6d.  6d.  67s. 

55a.  2s.  9d.  6|d.  73s. 

603.  3s.  Od.  7|d.  80s. 

The  economy  of  baking  at  home,  therefore,  at  the  nsiial  prices  of 
bread,  seems  to  be  very  considerable. 

§  12.  Of  the  supposed  relation  between  Ike  per-certtage  of  gluten  in 
jlouT,  and  the  weight  of  bread  obtained  from  it. 
It  has  been  assumed  by  recent  chemical  writers  that  the  quantity  of 
water  absorbed  by  flour,  and  consequently  the  weight  of  bread  obtained 
from  it,  depends,  in  whole  or  in  great  part,  upon  the  proportion  of  gluten 
which  the  flour  contains.  The  followiag  facts,  however,  do  not  accord 
with  this  supposition. 

1°.  Household  bread,  made  respectively  from  the  flour  of  a  French 
wheal  and  of  a  wheat  from  Taganrog,  retained  nearly  the  same  per- 
centage of  water,  though  the  one  sample  contained  upwards  of  twice  as 
much  gluten  as  the  other.     Thus — 

Gluten  ptt  CEHl,  Water  per  cent. 

In  tlie  PlDUr.  m  ihe  Bread. 

Flour  of  Brie         .  .         .         10-7  47-4 

Flour  of  Taganrog         .         .         22-7  47-0 

This  one  fact  might  be  supposed  to  settle  the  question,  but  I  shall 
mention  others. 

2°.  The  flour  from  Odessa  wheat  cont^ns  about  Jth  more  gluten  than 
French  flour  in  general,  and  yet  it  absorbs  very  little  more  water  (Du- 
mas). This  Dumas  accounts  for  by  the  fact  that  the  starch  of  the 
Odessa  wheat  forms  hard  transparent  horny  particles,  which  take  less 
water  to  moisten  them  than  the  impalpable  powder  yielded  by  the  softer 
French  wheats — so  that  the  gluten  does  not  appear  to  produce  its  full 
effect.  I  do  not  know  how  far  this  explanation  is  consistent  with  the 
fact  that  the  hard  flinty  wheats  give  the  best  biscuit  flour — what  Ihe 
baker  eaUa  the  strongest,  which  rises  best,  and  absorbs  the  most  water,* 
3°.  Rice  is  said  to  contain  very, little  gluten — not  estimated  by  any  to 
amount  to  more  than  6  or  7  perient. — and  yet  it  is  stated  as  the  result  of 
numerous  trials,  that  an  admixture  of  a  seventh  part  of  rice  flora'  causes 
wheaten  flour  to  absorb  more  water.f 

4°.  If  the  hard  wheats  be  ground  too  fine  they  lose  a  part  of  their  ap- 
parent strength,  the  flour  becomes  dead,  as  it  is  sometimes  called,  and 
refuses  to  rise  as  it  would  do  if  sent  to  the  baker  in  a  more  gritty  and  less 
impalpable  state. 

5°.  Lastly,  the  admixture  of  very  minute  quantities  of  foreign  matter, 
by  way  of  adulteration,  is  said  to  have  a  remarkable  influence  upon  the 
quantity  of  water  which  the  flour  will  absorb.  la  some  parts  of  Belgium 
it  appears  to  have  been  die  practice  to  adulterate  the  bread  with  a  small 
quantity  of  sulphate  of  copper.J     This  salt  is  dissolved  in  water,  and 

LiBliDn,  \a  Davy's  Agricut/urai  Chemietiy,  Lecture  III. 
1  Dumas'  TraiU  de  Chimia,  vi.,  p.  396, 
(  Blue  illiiul— a  vlolsal  paUon.  w  )o]c 
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the  EoIfl.lipn  added  to  tBe 

the  proportion  of  about  o      ^ 

breadafairet  colour,  andthus  permits  theuse  of  inferior  flour,  audit  ci 

tb.e  bread  to  retain  about  six  per  cent,  more  water  witbout  appearing  iitoiat- 

er.     Even  in  tbe  small  proportion  of  one  grain  of  the  sulphate  to  6,  or 

7  Il>3.  of  flour,  it  produces  a  very  sensible  eflect  (Kublmaii). 

Other  adulterations  also  exercise  a  similar  influence.  Alum  improves 
the  colour  of  the  bread,  raises  it  well,  and  causes  it  to  keep  water,  but  it 
reiuirea  to'be  added  in  larger  quantity  than  the  more  poisonous  sulphate 
of  copper.  Common  aw-  likewise  makes  the  paste  stronger,  and 
causes  it  to  retain  more  water,  so  that  the  addition  of  salt  ia  a  real  gain 
to  the  baker. 

Prom  aU  these  facts,  therefore,  we  may  infer  that,  independent  of  the 
relative  proportions  of  gluten,  very  slight  dilTcrences  in  composition — 
soch  as  have  not  yet  been  sought  for  or  appreciated — may  materially 
affect  the  relative  weights  of  bread  obtained  by  the  baker  from  different 
samples  of  wheaten  flour. 

§  13.  Of  the  cmvposidon  of  barley,  and  the  itiflaence  of  different  manures 
■upon  the  rela&ve  proportions  of  its  several  constituents. 

The  grain  of  barley  consists  of  nearty  the  same  substances  as  that  of 
wheat,  but  in  proportions  somewhat  different.  These  proportions,  how- 
ever, are  affected  both  by  the  kind  of  manure  with  which  the  land  is 
dressed,  and  by  the  nature  of  the  soil  on  which  the  seed  is  sown. 

1°.  JUanare. — The  effect  of  manure  appears  from  the  following  table, 
containing  the  results  of  Hennbstadt,  obtained  in  the  same  way  as  those 
with  wheat  already  described  (p.  503)  : — 

iTA'    I  -i  I  Is  I  I  ^   ■  hi.p-. 


,:    0-      13-      6-7 

0-      699    4-S   i-S   0-4       0-3 

^^; 

:    0-      13'      BT 

l  II IJ  |:f  l\   I] 

In  so  far  as  reliance  is  to  be  placed  upon  the  numbera  in  the  above 
table,  as  indicative  of  the  general  effect  of  the  several  n 
tioned,  it  would  appear  that  the  relative  proportions  of  glut 
and  starch  do  not  vary  very  much  until  we  come  to  cow-duiig,  wiien  int 
former  twjj  substances  sensibly  diminish.  Further  experiments,  how- 
ever, are  required  upon  this  subject  (see  page  514). 

2°.  Sou. — The  effect  of  soil  upon  the  barley  prop  ia  known  to  all 
practical  farmers — so  that  the  terms  barley-land  and  wheat-land  are  the 
usual  designations  for  light  and  heavy  soils  adapted  especially  to  the 
growth  of  these  several  crops.  On  clay  lands  the  produce  of  barley  is 
greater,  but  it  is  of  a  coarser  quality,  and  does  not  malt  so  welt-^n 
loams  it  is  plump  and  full  of  meal — and  on  light  chalk  soils  the  crop  is 
liglit,  but  the  grain  is  thin  in  the  skin,  of  a  rich  colour,  and  well  adapted 


for  malting.*  The  barley  of  the  light  lands  in  Norfolk  is  celebrated  in  the 
Nortlj  of  England  for  its  malting  properties — and  the  brewers  refuse  tlie 
barley  of  rlie  county  of  Durham,  even  at  a  lower  price,  when  Norfolk 
barley  is  in  the  market.  When  unfit  for  malting,  barley  affords  a  6it- 
tening  food  for  pigs  and  for  some  other  kinds  of  stock. 

§  14.  Effect  of  mailing  upon,  barley. 

During  the  germination  good  barley  increases  in  bulk  one-half.  In 
order  that  it  may  do  so,  it  must  be  uniformly  ripe — a  quality  of  ^eat 
value  to  the  maltster.  This  maximum  bulk  is  generally  acquired  in  24 
bonis  after  it  has  been  moistened  and  laid  in  heaps.  In  drying,  how- 
ever, Ihe  barley  again  diminishes  in  bulk,  so  (hat  the  dried  malt  rarely 
exceeds  by  more  than  fith  or  ,^th  the  bulk  of  the  grain  as  it  came  itom 
the  market.  The  well-dried  malt,  however,  is  lighter  by  ith  tnan  the 
barley  from  which  it  is  made — 100  lbs.  of  barley  yielding  about  80  lbs. 
of  malt.  This  is  not  all  loss  of  substance,  since  by  a  similar  drying  the 
barley  itself  before  malting  would  lose  about  12  per  cent  of  water.  The 
loss  of  substance,  therefore,  is  only  about  8  per  cent.  This  diioinutioa 
of  sohd  matter  arises  in  part  from  the  loss  of  tlie  little  roots  which  form 
the  malt-dust  (cwnmins),  of  which  I  have  already  spoken  (p.  436)  as 
being  a  valuable  manure,  and  of  which  4  or  5  bushels  are  obtained  from 
100  bushels  of  barley. 

The  colour  of  the  malt  varies  with  the  temperature  at  which  it  is  dried. 
If  the  heat  does  not  exceed  100°  F.  a  very  pale  malt  is  obtained,  which 
gives  a  very  white  beer.  A  heat  not  rising  above  180°  gives  an  amber 
coloured  malt— while  for  brown  malt  the  temperature  may  rise  as  high 
as  260°  F.  By  mixing  these  varietiesbeer  of  any  colour  may  be  made. 
But  in  the  porter  breweries  it  is  naual  to  prepare  a  quantity  of  malt  of  a 
brownish  black  colour  {burned  malt),  by  adcTing  a  portion  of  which  any 
requii-ed  shade  of  colour  is  imparted  to  the  liqtior. 

During  germination  a  variable  quantity  of  the  gluten  is  converted  into 
diastase  (p.  119),  and  about  two-fifths  (40  per  cent.)  of  its  starch  iuto 
sugar  or  gum  (dextrinej.  The  quantity  of  diastase  produced  depends 
upon  the  extent  to  which  the  germination  has  proceeded.  It  is  gteatest 
at  the  ro.oment  when  the  gemmide  is  about  to  burst  from  the  seed,  and  to 
form  the  young  dioot. 

I  have  already  explained  the  beautiful  purpose  served  by  this  diastase 
in  converting  the  insoluble  starch  of  the  grain  into  soluble  sugar  and 
gum.  When  ili'ebeeristobemade  wholly  irom  malt,  it  is  unnecessary 
to  continue  the  germination  till  the  largest  quantity  of  diastase  is  pro- 
duced. It  is  sufficient  i£  the  gemmule,  on  holding  up  a  grain  of  the 
barley,  be  seen  within  the  skin  to  have  attmned  one-half  or  two-thirds  of 
the  length  of  the  seed.  The  diastase  then  produced  is  mote  than  enough 
to  convert  the  whole  of  the  starch  of  the  grain  into  sugar  (p.  120).  But 
if  raw  grain,  as  in  some  of  our  distilleries,  is  to  be  added  to  the  malt, 
then,  the  malting  should  he  prolonged  till  the  bud  is  about  to  burst  through 
the  husk,  so  that  the  largest  possible  supply  of  diastase  may  be  contain- 
ed in  it.     In  this  way  also  malt  -is  prepared  when  it  is  lo  be  employed 

on  the  light  chalk  soils  it  is  well  ca^ulaied  for  malting— the  sliiii  Is  ihin,  and  colour  rich  but 
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§15.  CompositioHofoatStaJideJeclofmanuresinmodifyingihatconipositiort. 

The  relative  proportiooa  of  husk  and  meal  in  the  several  varieties  of 
the  oat  diifer  in  a  greater  degree,  probaljly,  than  in  any  other  grain. 
Tku3,  the  [)otatoe-oat  is  known  to  be  richer  in  tiieal,  this  Tartary-oa)  in 
husk.  The  round  grain  of  the  former  is  eliiefly  grown  in  Scotland,  for 
grinding  into  meal,  the  latter  in  England,  for  feeding  horses. 

But  even  the  round  potatoe-oat  varies  mucli  in  the  produce  of  meal 
which  it  gives.  Many  samples  yield  only  lialf  their  iveight  of  oatmeal, 
others  9  stones  out  of  3  6,  while  some  give  as  much  as  12  stones  &om  the 
same  quantity,  or  three-fourths  of  theit  weight.  In  one  variety  of  oat 
VOgel  found  66  per  cent,  of  meal  and  34  of  husk,  which  is  equal  to  10^ 
stones  of  meal  from  16  of  grain.  He  also  extracted  from  the  meal  9  per 
cent,  of  oil,  and  59  of  starch,  and  observed  it  to  lose  by  drying  upwards 
of  20  per  cent,  of  water. 

Soil,  season,  cUmate,  variety  of  seed  sown,  and  the  kind  and  quantity 
of  manure  applied — all  affect  she  amount  of  produce  and  the  chemical 
compo5ition  of  the  oats  that  are  reaped.  According  to  Hermbstadt,  the 
effect  of  diHetent  manures  in  modifying  the  composition  of  the  produce 
of  the  same  seed  are  represented  by  the  nutnbersin  the  following  table: 

^"o^      I     I    I  ^s    I    a    ^    ..    =^LP^ 

OlBLnod  UO    19'3    50    0-4    53-1    3-B    S'5    03        0  4  121 

Nn     aol  !"  1     192    4'6    0-4    53-3    3-3    54    0-3        0-5  1^ 


The  d\fterence^  in  tins  table  are  very  striking  [see  p.  515]. 
&  I  h    Compontion  ofrje  and  effect  of  different  laanwres  wpon,  its  composilion. 

The  gram  of  rye  apprcmches  nearest  to  that  of  wheat  in  (he  quantity 
of  gluten  It  coniams,  and  in  the  consequent  fitness  of  its  flour  for  baking 
into  bread.  It  sometimes  also  contains  much  sugar — recent  rye-bread 
having  almost  invariably  a  sweet  taate — but  the  proportion  of  sugar  ap- 
pears to  be  by  no  means  constant.  Thtia  Einhof  and  Greif  exhibit  the 
composition  of  a  sample  of  rje-floiir,  examined  by  each  of  them,  re- 
spectively as  follows ; — 


Husk       . 

Gluten  (not  dried)   , 

Albumen 

Starch  .      .      . 


9-S 


12-e 
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Perhaps  no  great  degree  of  faith  ia  to  be  placed  in  these  analyses.  If 
they  are  to  be  depended  upon,  they  show  that  very  remarkable  differ- 
ences indeed  may  exist  in  die  relative  proportions  of  some  af  the  consti- 
tuents of  rye  flour.  The  flour  of  rye  is  said  to  be  more  absorbent  of 
moisture  from  the  air  than  that  of  atiy  other  grain.* 

Rye  delightB  in  a  sandy  soil,  and  is  cultivated  in  general  in  such  as 
are  poor  in  vegetable  matter,  and  to  which  manure  is  not  very  aiun- 
dantiy  added.  The  experiments  of  Hermbatadt,  TChose  results  are  ex- 
hibited in  die  following  table,  do  not  show  any  very  striking  difference 
to  have  lieen  produced  upon  the  compositioQ  of  the  grain  by  the  use  of 
the  different  animal  k 


OiBlDod 101  101  120  3-6 16 

Nlgblsoil lO'O  10-7  11-3  38    e 

Sheep's  diiDg...  lO'O  ID'8  11:9  34    S 

GoU'adune.  ...  100  10-8  1]'9  3'1    E 

Haman  n^ne...  lO'l  lO-R  IS'D  3-e   E 


Veget.  manors..  100    ID'7      SS    2-S 


The  above  table  exhibits  a  lai^er  increase  in  the  return  or  produce 
from  some  of  the  animal  manures  than  from  others,  but  we  do  not  see 
any  of  those  remarkable  differences  in  the  composiiinn  of  the  flour,  which 
are  observable  in  the  results  obtained  by  the  application  of  different 
manures  to  the  wheat  crop. 

The  substance  entcacted.  from  rjre,  and  called  gluten  by  Hetmbstadt,  is 
different  from  the  glulen  6f  wheat,  and  is  more  like  the  g'iuline  extracted 
from  the  latter  grain.  "WJien  dough  made  of  rye  flour  is  washed  in 
water,  it  nearly  all  diffuses  itself  through  the  liquid,  leaving  little  more 
than  the  husk  or  bran  behind.  The  starch  deposits  itself  from  the  milky 
liquid,  or  may  be  separated  by  the  Alter.  When  the  liquid  is  evaporated 
to  dryness,  and  the  dry  mass  boiled  in  alcohol,  the  so-called  glulen  ia 
dissolved  out,  and  may  be  separated  from  the  alcohol  by  distilialion.  It 
must  then  be  washed  with  water  to  free  it  from  sugar.  Like  the  glutea 
of  wheat,  it  is  now  insoluble  in  water,  and  is  less  cohesive  than  glutea. 
Both  of  these  forms  of  gluten  are,  supposed  to  have  the  same  composi- 
tion as  vegetable  fibrin  and  albumen,  and  as  the  curd  of  milk. 

5  17.   Comptmtion  of  rice,  maize  (Indian  corn),  and  huck-wheat. 

1°.  Rice  is  usually  supposed  to  differ  from  other  kinds  of  grain  by  the 
larger  proportion  of  starch  which  it  contains. 

The  large  quanfldes  of  rice,  consumed  by  the  narive  inhabitants  of 
India,  and  of  other  warm  countries,  has  often  appeared  surprizing  to 
foreigners.  Chemists  have  explained  this  alleged  fact  by  supposing  the 
small  per-centage  of  riuten  contained  in  rice,  as  shown  by  the  following 
analyses,  to  be  insufficient  for  the  sustenance  of  the  body — when  no 
olher  food  is  used — unless  this  grain  be  eaten  in  exceedingly  large  quan- 


,c;>H,3ic 


lities.  It  h  probable,  however,  that  the  nitrogenoua 
are  slated  too  low  in  the  analyses  of  Braconnot,  and  that  it  contains  albu- 
men or  caaein,  or  some  analogous  Etibstance,  which  has  been  passed  over 
by  this  chemist,     A  series  of  carefully  repeated  analyses  of  different 

varieties  of  rice,  if  it  did  not  modify,  would  at  leas*  "^^ 

iOQs  in  regard  (o  its  theoretical  value  as  food  for  m 
Two  samples  of  rice  examined  by  Braconnol,  ■ 
be  composed  of — 


X  present  opm- 
e  found  hy  him  '.<• 


Water 
Husk 
Gluten 
Starch 

OU     . 


5'0 


100 


100 


9'-  Maize  or  Indian  corn  is  celebrated  for  the  large  return  of  food 
which  it  yields  from  a  given  extent  of  land,  and  for  its  remarkably  fat- 
tening qualities  when  g^ven  (o  poultry,  pigs,  and  cattle.  Bwckwktat 
is  also  a  very  nourishing  grain.     They  consist  respectively  of — 

Dry  maLze  (Paven).  Buckwhoal  (ZenoecS). 

Husk         ....         5-0  26-9 

Gluten,  &o.       ...         1-2  I0'7 

53-3 


Starch 

Sugar  and  gum 

Fatty  matter 

Colouring  matter 

Salts 


0'5 


1-8 


0-4 

1 


24-53t  98-6 

The  above  analysis  of  maize  must  he  incorrect,  as  it  supposes  the  fatty 
matter  to  amount  to  nearly  3S  per  cent,  of  the  weight  of  the  com. 
Dumas  haslatelystated  it  at  8-9  per  cent. — instead  of  8'9  in  24-55  parts, 
as  found  by  Payen — and  Liebig  denies  that  Indian  corn  contains  more 
than  5  per  cent,  of  fatty  matter.  New  analyses,  therefore,  are  required 
of  this  grain  aLso.  Indeed  it  may  be  said  in  general  of  all  the  substances 
used,  especially  in  feeding  animals,  that  we  have  not  yet  the  requisite 
knowledge  to  enable  w  to  reason  accurately  in  regard  lo  the  special  ope- 
ration of  each  in  sustaining  the  body  or  in  promoting  the  growth  of  fat.J 


snidin 


lofws 


t  A  sample  of  Indian  corn  e 
lellof  while  earthy  Kah  13  pel 


§18.  On  ihe  alleged  general  effect  of  dijferent  manures  in  irwdijying.  (lie 
amount  of  gluten  and  albumen  in  wheal,  barley,  oats,  and  rtje. 

Among  the  general  daJuerioas  in  regard  to  the  special  influence  of 
manures  upon  the  quality  of  the  grain  we  reap,  that  which  has  been  re- 
ceived with  the  greatest  confidence  is  this — tital  ike  richer  in  mtrogen  the 
manure  we  apply,  &e  richer  in  gluten  Ihe  grain  we  reap. 

The  only  experiments,  having  any  pretensions  to  accuracy,  by  which 
this  opinion,  has  hitherto  been  supported,  are  those  of  Hermbatadt.  Tlie 
results  of  these  experiments  are  contained  in  the  four  tables  to  which  I 
have  directed  your  attention  under  the  heads  of  wheat,  barley,  oats,  and 
rye.  As  the  opinion  founded  upon  them  is  one  which,  if  correct,  is  of 
great  practical  value, — it  will  be  proper  (o  examine  the  experiments  them- 
selves a  little  more  narrowly.  Aie  ihey  reaUy  deserving  of  implicit 
credit  ?     Do  they  justify  the  conclusion  that  has  been  drawn  from  them  ? 

Turn  first  lo  the  experimenis  upon  wheat,  of  which  the  results  are 
embodied  in  the  following  table,  repeated  from  page  503 : — 

.1  fei   ii  i*  II   Is  Is  gs  hi  is 


I"     Wiiter  pie'ent  — The  water  in  each  of  these  10  specimens  of  grain 
i  nearly  the  same,  about  4^  per  cent.     I  have  already  staled  the  quan- 


iitj  of  water  in  English  flour  to  amount  to  about  16  per  C' 

rage      Many  sainples  of  wheat  also  have  been  dried  in  my  laooraio 

From  the  results  I  extraft  the  following,  ^showing  tlie  watei:  lost  by  ci 


grown  m  four  different  parts  of  the  world  : — 

English,  Lammas  red 15-1  per  cent. 

Seminoffwheat 13'2       " 

Si.  Petersburg 16-1       " 

Biirletta  wheat IS'l       " 

This  weight  of  water  is  lost  when  the  grain,  as  it  is  sold  in  ihe  market, 
IS  crushed  and  then  heated  to  a  temperattiTe  not  exceeding  220°  as  long 
as  it  loses  weight. 

The  above  quantities  of  water  ore  very  much  greater  than  those  found 
tn  the  wheats  of  Hermbstadt.  I  cannot  offer  these  results,  however,  as  a 
proo/ of  inaccuracy  on  the  part  of  this  experimenter,  as  I  have  not  had 
access  to  his  original  memoir.  It  is  only  fair  towards  him,  therefore,  to 
conclude  that,  before  they  were  subjected  to  analysis,  his  wheats  had  been 
artificially  dried  in  a  very  considerable  degree. 

a°.  OH  in  Ihe  different  samples. — Again,  it  appears  remarkable  that 
die  quantity  of  oil  in  all  the  samples  of  wheat  in  the  above  table  is  nearly 
identical,  and  is  also  very  small.  I  have  examined  the  fine  flour  yielded 
by  several  samples  of  the  same  wheat,  grown  by  Mr.  Burnet,  of  Gad- 


girth,  upnn  the  same  field,  but  dressed  with  different  manures,  [Appen- 
dix, pp.  55  s.ad  71,]  and  the  proportions  of  oU  whicii  they  yielded  in 
the  state  in  which  they  came  from  the  mill,  were  as  follows : — 


.  From  (be  undressed  soil  .... 
.  Dressed  with  guano  and  wood-ash  . 
.  With  artificial  guano  and  wood-ash 


4° 

Sulphated 

5° 

Do.          d 

6o 

Do.          d 

7° 

Do.         d 

The 

wo  facts— t 

so  much  a 

Bpeeimens,  and  tha 

■which  the  wheat  h 

e  and  wood-a 
and  sulphate  of  soda 2'0 


salt 


and  nitrate  of  soda 2-3 

t  the  quantity  of  oil  in  nearly  all  the  above  sam- 
ater  tlian  was  (bund  by  Hermbstadt  in  any  of  his 
le  proportion  varied  with  the  kind  of  manure  with 
1  been  dressed — these  two  facts,  I  think,  show  that 
the  analyses  of  Hermbstadt  have  not  been  made  with  suoh  a  degree  of 
accuracy  aa  to  justify  us  in  relying  with  confidence  upon  the  general  de- 
ductions to  which  they  seem  lo  lead. 

3°.  Relative  effects  of  these  manures  upon  different  crops. — If  we  com- 
pare together  the  relative  proporlions  of  gluten  and  albumen  contained  in 
the  several  samples  of  wheat,  barley,  oafs,  and  rye,  examined  by 
Hermbstadt,  and  exhibited  in  his  tab'es,  we  shall  find  that  the  effects  of 
his  manures  were  by  no  means  unifu'  m  upon  the  several  crops.  Thus, 
when  manured  with — 

Tht  gluten  and'albumen  per  cent. 

,4"  ^i^li//- 


Ox  blood  . 
night  soil  . 
Sheep's  dung 

Horse  dung 
Pigeon's  dung 
Cow  dung  . ' 
Nothing 
Upon  the  numbers  ir 


1^6 
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:able  I  offer  you  the  following  rematis : — 


.  Upon  the  wheat,  the  effect  of  tlie  fiorse. and  pigeon's  dung,   i 
creasing  the  amount  of  gluten  and  albiimei  ''   ' 

fifth  of  that  produced  by  the  sheep's  dung. 
of  gluten  and  albuihen, — 


Undressed 

With  sheep's  dung  .  .  . 
With  hoise  dung  .... 
With  pigeon's  dung  .  .  . 
"   '     e  have  seen  (p.  470)  that  i 


3-2 


.i  [n.  i70)  \hs,t  tn  so  Jar  as  the  nitrogen  is  concerned, 

dry  horse  and  skeep'sdun^  might  toprodace  e^al  effects,  wkilepigeon's 
dung  should  have  three  times  the  effect  of  either.*  Whatever  be  the 
cause  of  the  increased  proportion  of  gluten  in  the  experimental  wheats 
of  Hermbstadt,  it  cannot,  therefore,  have  been  owing  solely  to  the  pro- 
portion of  nitrogen  in  the  manures  he  applied. 


'  BSofdiypljeoi 
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6.  Again,  upon  the  barley,  oats,  and  rye,  the  sheep's  dung  produced 
little  more  effect  than  the  horse's  dung.  It  might  be  aaid  that  this  was 
because  these  two  manures  contain  nearly  the  same  proportions  of  nitro- 
gen. ISut  if  so,  why  did  they  not  produce  lite  effects  also  upon  the 
wheat  1 — aad  why  did  pigeon's  dung  unpart  less  gluten  than  either,  to 
all  these  varieties  of  grain  1 

c.  The  unaatisfactory  nature  of  these  experiments  is  still  more  clearly 
seen  when  we  compare  the  relative  proportions  of  nitrogen,  contmned  in 
the  several  manures  applied,  with  the  propordons  of  the  same  element 
contained  in  the  several  crops  to  which  these  manures  had  been  added. 

This  comparison  is  made  in  the  following  table — ihe  quantity  of  nitro- 
gen in  sheep's  dung  and  in  the  crops  manured  with  it  baing  called 
100:— 


Horse  dung    ...        103  16  75        100         6G 

Pigeon's  dung     .    .       300  9         48        .43  55 

Cow  dung      ...         97  6  1  6G         23 

The  relation  which  exists  among  the  numhera  in  the  first  of  the  above 
columns,  is  totally  unlilte  that  which  exists  aimmg  those  in  any  of  the 
others.  In  none  of  the  crops  dots  the  quantity  of  nUrogeri  in  the  maaure 
bear  a  perceptible  relation  to  that  contained  in  the  grain  that  teas  reaped. 
The  theory,  therefore^  that  the  quantity  of  gluten  in  the  crop  ia  always 
determined  hy  that  in  the  mEUiure,  and  that  Uie  amount  of  gluten  inline 
grain  we  reap  may  at  pleasure  be  increased  by  the  use  of  manures 
which  are  rich  in  mtrosen — this  theory  derives  in  realily  no  solid  support 
from  the  experiments  of  Hermbstadt.  The  theory  may  indeed  be  correct, 
but  it  is  not  sustained  by  any  rigorous  esperinients  hitherto  made — and 
the  prudent  man  wUl  place  little  reliance  upon  it,  until  its  correctness 
shall  have  been  proved  by  future  and  more  rigorously  conducted  investi- 
gations. 

§19.  Composition  of  peas,  beans,  and  vetches. 

The  seeds  of  leguminous  plants  in  general  contain  a  large  quantity  of 
a  substance — very  analbgous  to  the  gluten  of  wheat — to  which  ihe  name 
of  legumin  has  been  given. 

To  extract  this  legumin,  bruised  beans,  peas,  or  vetches,  are  steeped 
in  tepid  water  lor  some  hours,  then  rubbed  to  a  pulp  in  a  mortar  with 
their  own  weight  of  warm  water,  and,  alter  an  hour,  strained  thmugh 
linen.  The  strained  liquid  deposits^  at  first,  a  quantity  of  starch,  but  is 
obtained  nearly  clear  by  filtration..  To  the  filtered  solution  diluted 
acetic  acid  (vinegar)  or  sulphuric  acid  is  added  in  small  quantity,  when 
the  legumin  coagulates  and  falls  in  the  form  of  nearly  insoluble  flocks, 
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TT-hicIi  are  eaaly  collected  on  a  filter.  The  addition  of  an  excess  of  acid 
will  te-dissolve  the  coagulated  legumin,  whieli  is  again  thrown  down  by 
a  few  drops  of  a  solation  of  carbonate  of  soda  or  of  ammonia  ;  a  sligiit 
excess  of  either  of  the  latter,  however,  will  cause  the  precipitate  a  second 
lime  to  disappear.  The  legumin  of  the  pea  and  bean,  therefore,  differs 
Irom  the  gluten  of  wheal,  in  being  soluble  in  water  (Dumas),  and  in  very 
dilute  acid  or  alc^ine  soludons. 

The  solurion  of  legumin  in  water  is  coagulated  when  heated  nearly  to 
boiling,  in  which  respect  it  resembles albamen  (white  of  egg),  and  it  is  also 
coagulated  by  rennet,  in  which,  and  in  its  relations  to  acids  and  alcalies, 
it  resembles  ciwem,  thecurdof  milU.  Leguminhas,  indeed,  by  Liebig, 
bpen  called  vegetable  casein,  from  an  impression  that  it  ia  identical  in 
eompoation  and  properties  with  the  pure  cnrd  of  milk. 

The  semi-trauflparent  solution  of  legumin  in  water,  obtained  directly 
from  beans  or  peas,  gradually  becomes  opaque,  and  slowly  deposits  the 
legumin  in  an  msoluble  state.  This  is  owing  10  the  production  of  a 
small  quantity  oJ  acid  by  the  decotiiposilioQ  of  the  sugar  or  other  sub- 
stances preient  in  the  liquid.  This  acid  slgwly  coagulates  the  legumin 
in  the  same  way  as  when  dilute  acids  are  artificially  added  to  the  solu- 
tion. It  is  proper  to  mention  that  other  chemists  consider  legumin,  like 
casein,  [see  the  following  lecture,]  to  be  nearly  insoluble  in  water,  and 
that  in  the  solutions  from  the  bean  and  the  pea  it  is  rendered  soluble  by 
the  presence  of  a  little  potash,  soda,  or  lime— the  liqllid  becoming  turbid 
as  soon  as  a  quantity  of  acid  is  formed  to  combine  with  these  alcaUne 
substances.  According  to  Dumas,  pure  legumin  dried  in  vacuo  ai  284° 
F:  consists  of— 

Legiunm.  ^M^^^  yi?,eat  Wheal.  W^caL 

Carbon 50-4  63-33  53-74  5305  5346 

Hydrogen  ....      6-9  701  7-11  7'17  7i3 

Nitrogen     .    .    ,     ,     l8-3  16'41  15-65  15-94  IGiM 
Oxygen,  sulphur:  Sc 

phosph 24-5  23-35  23-50  3J-84  23-37 


100         100  100  100  100 

For  the  purpose  of  comparison,  I  have  inserted  the  composidoD,  ac- 
cording to  the  same  chemist,  of  the  several  nitrogenous  compounds  ex- 
isting in  wheat.. 

If  these  analyses  be  correct,  legumin  contains  more  nitrogen  than  the 
fibrin,  the  albumen,  the  glutine,  or  the  casein  of  wheat,  and  is  almost 
identical  with  the  gelatine  of  bones.  The  important  consequeiice  deduced 
from  this  fact,  by  Dumas,  ia  reference'  to  the  feeding  of  animals,  we  shall 
consider  in  a  subsequent  lecture. 

Above,  I  have  given  the  composition  of  legumin,  the  nitrogenous 
principles  contained  in  peas  arid  beans,  as  foimd  by  Dumas,  fi'om  which 
It  would  appear  to  contain  more  nitrogen  than  any  of  the  other  vegetable 
pinciples  hitherto  found  in  cultivated  grains.  The  legumin  analysed  by 
Dmnas  was  extracted  from  sweet  almonds. 

Since  the  preceding  sheet  was  prepared  for  press^  a  further  analysis  of 
legumin,  extracted  from,  beans,  has  been  published  by  Rochleder,*  which 
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does  not  agree  with  that  of  Dumas,  but  represents  this  leguTriin  as. iden- 
tical wiih  casein,  the  curd  of  milli  (see  the  following  lecture),  and  as  dif- 
fering in  properties  as  well  as  in  composition  from  that  of  the  almond. 

The  legumin  of  beans  and  peas  is  soluble  in  cold  water,  and  the  solu- 
tion, npon  evaporation,  forma  a  skin  on  the  surface  which  is  renewed  as 
often  as  it  is  removed.  It  is  noi  coagulated  by  boiling,  but  is  immediately 
thrown  down  in  fine  flocks  by  acetic  acid,  which,  when  added  in  excess, 
does  not  redissolve  it  (Liebig). 

The  legumin  from  sweet  almonds  is  also  soluble  in  cold  water,  but, 
like  albumen,  falls  in  flocks  when  the  solution  is  heated  nearly  lo  boil- 
ing. It  is  precipitated  also  by  diluted  acetic  acid,  and  is  again  dissolved 
■when  an  excess  of  this.acid  ia  added  (Dumas). 

The  two  substances,  therefore,  are  diflereni  in  their  properties.  Their 
constitution  is  represented  respectively  by — 

Beans  Sweet  almonds 

(Rt>chleder>  <Duinas). 

Carbon         ....         54-5  50-4 

Hydragen    ....           7-4  6-9 

Nitrogon      ....         14-8  18'3 

Oxygen       ....         23-3  24 '5 

100  100- 

"When  we  come  to  consider  the  feeding  of  animals,  we  shall  find  that 
this  difference  in  the  composition  of  the  two  varieties  will  materially  af- 
fect the  view  we  must  take  in  regard  to  the  action  of  each  in  contributing 
to  the  suppor£-of  the  various  parts  of  the  animal  body. 

The  approximate  composiiion  of  the  entire  peas  and  beans  is  thus 
stated  by  Einhof.     [Zierl  KncyclopiEilie,  ii.,  p.  52]. 

CompOBlllon  of  Ilia  grain.         Composiiion  nf  die  meal. 

Peas iVo        10^5'       Ib-i         gI'o'    ^^"ss"'    "i2 

Field  Beans    .     .    .    15-5        163        6S-3         690  19        13 

A  series  of  rigorous  analyses  of  the  seeds  of  le 

present  much  to  be  desired.   Accordingto  those  of  I 

certain  species  examined  by  them  consisted  of — 


Water ■ 

Husk       

Legumin,  albumen,  &c.  . 

Gum,  &«.'.    '.'.'.'.'. 

Oil  and  fat 

Salts  and  loss     .     .     .     . 

These  analyses  agree  i) 


7,  ccmipnrsS  with  Thomson's  Yiyslable  Chemltliy, 
.,p.  194,andSprengel'B  Oiemie  filr  LiBiaipiTthe,a.. 
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are  especially  rich  in  substances  containing  nitrogen  (legurain  and  albu- 
men), and  are  therefore  fitted  to  contribute  much  to  the  nourishment  of 
those  animals  Which,  in  consequence  of  the  state  of  their  growth  and 
health,  or  the  purposes  for  which  they  are  reared  and  maintained,  require 
a  large  supply  of  this  important  element. 

§  20.  Effect  of  soils  and  manures  upon  Ihe  quality  of  peas  and  beans. 

The  quality  of  the  seeds  of  leguminous  plants  is  also  affected  by  the 
mode  of  culture  to  which  they  are  subjected,  and  by  the  kind  of  soil  in 
which  th^  are  raised. 

1°.  Effect  of  animal  manures. — The  dung  ."  of  sheep  or  horses  baa 
been  found  to  impart  a  better  flavour  to  the  pea,  and  to  render  the  husk 
thinner  than  yihen  that  of  hogs  or  oxen  has  been  used."  [British  Hus- 
bandry, ii.,  p.  217.] 

2°.  Effect  of  mineral  manures. — The  effect  of  gypsum  and  of  other 
sulphales  Upon  leguminous  plants  is  universally  linown  (p.  489.)  The 
beneficial  influence  of  a  mixture  of  gypsum  and  common  salt  upoa 
siclily  crops  of  beans  and  peas  is  very  Strikingly  displayed  in  the  inter- 
esting ex  petimehts  of  Mr.  Alexander,  of  Southbar,  to  the  details  of  which 
i  have  already  had  occasion  to  draw  your  attention.  [See  Appendix,  p. 
217.] 

3°.  Effect  of  lime- — Dr.  Anderson  says,  "that  the  pea  cannot  be 
reared  Co  perfection  in  any  field  which  has  not  been  either  naturally  or 
artificially  impregnated  with  some  calcareous  matter,"  but  that  "  a  soil 
which  could  hardly  have  brought  a  single  pea  to  perfection,  alihough 
richly  manured  with  dung,  if  once  limed,  will  be  capable  of  producing 
abundant  crops  of  peas  ever  (?)  afterwards,  if  duly  prepared  in  other  re- 
Bpecls."     [Essays,  ii..  p.  303.]  , 

4°.  Boiling  or  melting  quality' of  peas. — But  the  most  singular  cir- 
cumstance in  connection  with  thU  (Jass  of  seeds,  to  which  the  agricul- 
tural chemist  has  hitherto  beeu  directed,  is  the  property  possessed  by 
peas  and  beans  of  boiling  soft  or  mouldering  into  a  pulp  mure  or  less 
easily,  according  to  the  kind  of  land  in  which  tliey  are  raised  or  to  the 
species  of  manure  with  which  they  are  dressed.  The  observations, 
however,  which  I  have  found  upon  record  in  reference  to  this  point  are 
of  a  contratlictory  character.     'Thus — 

a.  Sprengel  says  "  that  peas  which  are  raised  after  liming  or  marling 
hail  salt  more  easily,  and  are  more  agreeable  to  the  taste  than  when  raised 
.aller  manure."     [Die  Lehre  vom  D.iinger,  p.  297.1 

6.  A  French  authority,  on  the  other  hand,  quotea  by  London,  [Ency- 
clopiedia  of  Agriculture,  p.  837,]  says,  that  "Stiff  land  or  sandy  land 
that  has  been  limed  or  marled,  or  to  which  gypsum  has  been  applied, 
produces  peas  that  tmil  not  melt  in  buUing,  no  matter  what  the  variety 
may  be.  The  same  effect  is  produced  on  the  seeds  and  pods  of  beaua 
aud  of  all  leguminous  plants.  To  counteract  this  fault  in  the  boiling,  ii 
is  only  necessary  to  throw  into  the  water  a  small  quantity  of  the  coin- 
mon  soda  of  the  shops." 

c.  The  author  of  the  BHlish  Husbandry,  [ii.,  p.  217,]  says,  "that 
shell  marl  or  lime  is  found  to  forward  this  crop  more  than  any  other 
mineral  manure,  though  it  is  said  to  communicate  a  degree  of  h 
to  the  grtun  whion  renders  it  unfit  for  boiling." 
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Indepcnilently  of  all  applications  to  the  soil,  I  believe  it  is  generally 
observed  that  good  boilers  are  produced  upon  light, .  sandy,  and  gravelly 
soils;-  while  heavy,  wet,  undratiied  (and  newly  brokeQuji  7)  lEUnlnsually 
produces  bad  boililig  peas  and  beans.  Thus  melting  peas  {sitider  peas, 
as  they  are  locally  called)  for  (he  Birmingham  market  are  grown  on  ihe 
slopes  of  the  gravelly  hill  of  Hopwas,  two  miles  from  Tamworth,  on 
Ihe  LichBeld  road— the  red  clay  lands  of  the  ■vale  of  tlie  Tame  produc- 
ing in  general  wig-*  peas  or  beans  only.  It  is  on  similar  soils  that  melt- 
ing barley  and  mealy  potatoes  are  produced,  and  the  effect  npon  the 
three  crops  may  probably  be  duo  to  a  common  cause. 

At  all  events  it  is  prohable — 

a.  That  the  boiling  quality  of  the  pea  crop  is  not  dwing  to  the  qual- 
ity of  the  seed — since  peas  of  hofh  varieties  have  been  raised  from  the 
same  seed.f 

■  &,  ThaJ  it  is  not  generally  owing  to  the  seasons,  sinco  some  land  pro- 
duces hard  peas  every  year.  If  the  wetness  of  the  soil  indeed  have  any 
influence,  a  rainy  season  may  cause  the  production  of  bad  boilera  upon 
land  from  which  soft  peas  are  usually  reaped. 

in  "'-----' ili^0-rence  between  ike  two  varii 
rieties  of  pea  melt  more  readi 
the  same  reason  very  nearly  that  one  potatoe  boils  mealy,  and  another 
waxy,  and  that  one  sample  of  barley  melts  belter  in  the  mash-tub  than 
another.  MeMng  peas  and  barley  and  mealy  potatoes  contain  a  lar^oer 
proportion  of  starch  than  samples. which  are  possessed  of  an  opposite 
quality. 

The  pea,  as  we  have  seen,  consists  essentially  of  legumin  and  starch. 
The  former  coagulates  and  contracts,  or  runs  logetiier  into  a  mass  by 
boBing, — the  latter,  on  the  contrary,  expands,  becomes  more  bulky,  tends 
to  burst  the  husk,  and  to  separate  into  single  grains.  If  the  tendency  to 
contract  and  cohere  be  greater  than  the  disposition  to  expand  and  sepa- 
rate— in  other  words,  if  the  legutnin  predominate— the  pea  does  not  meh, 
while  if  the  starch  he  abundant  the  pea.  boils  well.  It  is  possible  thai 
the  addition  of  a  little  soda  may 'cause  hard  peas  to  melt,  since  legumin 
is  soluble  in  a  solution  of  soda,  but  in  waters,  iinpregnated  with  lime  all 
peas  are  said  to  boil  soft  rauch  less  readily  than  in  such  aa  are  free  from 
that  ingredient.  ■   [Dumas,  Trait6  de  Chimie,  vi.] 

It  is  only  when  peas  and  beans  are  raised  for  the  food  of  man  that  the 
possession  of  the  melting  properly  becoines  a  matter  of  importance.  It 
13  rather  because  they  are  more  agreeable  to  the  palate  than  because  (hey 
are  ascertained  lobe  mure  nutritive,  that  they  are  pieferred'in  (his  state. 
When  we  come  to  consider  the  feeding  of  stock,  vie  shall  see  that;  ac- 
cording to  the  present  state  of  our  knowledge,  the  opinion  may  rea- 
sonably be  entertained  thatinsoluble  peas  are  really  better  adapteii  fur  the 
feeding  and  fattening  jags  and  other  stock — the  purpose  for  which  they 
are  employed — than  those  which  are  possessed  of  the  melting  quality. 

It  is  a  difference  in  the  chemical  composition  of  the  seeds  of  legumi- 
nous plants  that  makes  them  melt  more  or  leas  easily-^but  by  what 


Juality  in  the  soil  or  manure  is  this  difference  in  composition  prodnced  7 
n  regard  to  lime  the  evidence  is  contradictory.  Gypsum  may  render 
them  harder  sitee  legorain  conlsuna  sulphur,  and  a  portion  of  the  eBect 
of  gypsum  upon  leguminous  crops  is  supposed  to  arise  from  ita  yielding 
sulphur  to  the  growing  plants,  and  thus  promoting  the  production  of  le- 
gumin.  Wet  and  clay  lands  also  favour  the  production  of  legumin 
more  than  that  of.  starch — but  in  what  way,  we  are  not  yet  in  possession 
of  experimental  results  of  sufficient  accuracy  to  enable  us  to  say. 

§21.  Of  the  composition  of  ^otatees,  and  the  effect  of  circumstances  in 
moMfying  their  cojtipoSilion. 
1°.  Compoiition  of  potatoes. — PotWoes,  in  addition  Co  much  water, 
consist  of  starch,  gum,  woody  fibre,  and  albumen.  The  proportions  of 
ihese  several  constituents  are  very  variable.  Thus,  according  to 
Einbof  and  Lampadius,  the  foUriwing  kinds  of  potaitoe  consisted  in  100 

2°.  Influence  of  tlie  state  of  ripeness. — According  to  Korte  the  quan- 
tity of  dry  solid  matter  contained  in  the  potatoe  depends  very  much  «pon 
the  state  of  ripeness  to  which  it  has  attained.  The  ripest  leave  30  to  32 
per  cent,  of  dry  matter,  the  least  ripe  only  24  per  cent.  The  per  ■ 
centa^e  of  starch  varies  from  8  to  16  per  cent.  The  mean  result  of  his 
examination  of  55  varieties  of  potatoe  gave  him  for  the  solid  matter  24 ■9, 
and  for  the  starch  11-85  per  cent.  [Schiibler,  Agricultur  Chebiie,  ii.,  p. 
213.] 

3°.  Infvence  of  variety. — Much  appears  also  to  depend  upon  the 
variety  of  potatoe.  Thus  the  following  varieties  of  potatoe  grown  at 
ISarrochan  in  Renfrewshire,  in  1842,  yielded  respectively — 

Connaught  cups         ....         21     per  cent,  of  starch. 

Iri^  blacks 16^-  ■' 

"White  dons 13  " 

Red  dons 10| 

— while,  according  to  a  starch  mamifacturer  in  the  neighbourhood,  llg 
per  cent.  has.  been  the  average  quantity  obtained  from  the  common 
rouifh  red  of  good  quality  during  the  last  four  vears. 

The  diHerence  in  the  quantity  of  starch  yielded  by  the  above-named 
varieties  is  l!ie  more  striking  when  taken  in  connection  with  the  weight 
of  each  per  acre,  raised  from  the  same  land,  treated  in  the  same  way. 
These  weights  were  as  Ibllows  : — 

OonlaiiUng  of 

Manure.  Prodnce  per  acre.  Blarch. 

Cups  islOi  i  cm.  of  gmao  m  lana  3-9  ions. 

Sid  SonB,     wlUi  4  cm.  of  uilano  14l     "  1  '6      " 

While  Pme,  wich  3  cwt  of  gusno  lai"    "  S'l     " 

So  that,  of  these  three  crops,  that  of  cvps.  which  weighed  the  least, 
gave  the  largest  produce  of  starch.  It  yielded  nearly  twice  as  much  as 
the  red  dons,  which  were  half  a  ton  heavier,  and  one-fifih  more  than 
even  the  wkiie  dons,  the  crop  of  which  was  greater  by  five  tons  an  acre. 
Such  differences  as  these,  in  the  relative  quantities  of  starch,  which  may 
be  obtained  from  an  acre  of  the  same  land  by  the  growth  of  different  va- 
rieties of  polatoe  are  deserving  of  ihc  attentive  consideration  of  the  prac- 
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Larger  quantities  of  starch  than  any  of  those  above  stated  have  been 
obtained  from  potatoes  by  some  experimenters.     Thus  from  the 

Kidney  potatoe,  Dr.  Pearson  obtained         .         .         .       98  lo  32 

Apple        do.       Sir  H.  Davy 18  to  90 

Shaw         do.       Vauiiuelin 18-3 

L'Orpheline  do.  . 24-4 

The  first  and  last  of  these  proportions  ate  probably  very  rare  ia  oai 
climate. 

4°.  Effect  of  leeeping. — Those  potatoes  are  said  to  keep  best  in  which 
the  starch  is  most  ^andant,  hut  in  general  keeping  has  ^n  effect — 

a.  On,  the  frirpirttion  of  starch. — ^By  keeping  till  the  spring,  potatoes 
hree  from:  4  to  7  per  cent,  of  their  weight,  and  the  quantity  of  starch  they 
are  capable  of  yielding  suffers  a  considerable  diminution.-    Thus,  ac- 
cording 10  Payen,  the  same  variety  of  potatoe  yielded  of  starch  in 
October,         17-2  per  cent.  January,      15'5  pec  cent. 

November,    16'8         "  February,     15'2  " 

December,     15-6         "  March,         16'0 

AprU,  14-5 

This  dizninntion  is  probably  owing  to  the  conversion  of  a  portion  of  the 
starch  into  sugar  and  gum.  Wlfen  potatoes  are  rendered  unfit  for  food 
by  being  frozen  and  suddenly  thawed,  the  quantity  of  starch  which  they 
■"■'  "'"iWe  of  yielding  is  said  to  have  undergone  no  diminution. 

t  Sie  proportion  of  gluten. — The  proportion  of  gluten  also  ap- 

Biars  CO.  become  less  when  potatoes  are  kept.  Thus,  in  new  potatoes 
oussingault  found  the  gluten  amount  to  2J  per  cent.,  but  in  old  potatoes 
to  only  .1 J  per  cent,  of  their  weight.  To  this  natural  diminution  of  the. 
proportion  of  starch  and  gluten,  is  probably  to  be  ascribed  the  smaller 
value  in  the  feeding  of  stock,  which  experience  has  shown  very  old  po- 
tEttoes  to  possess. 

"~     Effect  of  soits  and  mawiTes.— The  potatoe  thrives  best  on  a  light 
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loamy  soil — neither  too  dry,  nor  toomoist.  The  most  agreeably'flav 
ed  table  potatoes  are  almost  always  produced  from  newly  broken  up 
pasture  ground,  not  manured,  or  fiom  any  new  soil.  [Loudon's  Ency- 
dopiedia  of  Agriculture,  p.  847.]  When  the  soil  is  suitable,  they  delight 
in  much  raio,  and  .hence  the  large  crops  of  potatoes  obtained  in  Ireland, 
in  Lancashire,  and  in  the  west  of  Scotland.  No  skill  will  enable 
the  farmer  to  produce  crops  of  equal  weight  on  the  east  coast  where 
rains  are  less  abundant.  It  has  not  been  sftowfi,  however,  thai  the  weighs 
of  starch  produced  in  the  less  rainy  districts  is  defective  in  an  equal  de- 
gree. Warm  chmates  and .  dry  seasons,  as  well  as  dry  soils,  appear  to 
increase  the  per-centage  of  starch. 

Potatoes  are  considered  by  the  farmer  to  be  an  exhausting  crop,  and 
they  require  a  plentiful  supply  of  manure.  By  abundantly  manuring, 
however,  the  land  in  the  neighbourhood  of  some  of  our  large  townsi 
where  this  cfop  ia  valuable,  hav.e  been  made  to  prodtice  potatoes  and 
corn  every  other  year,  for  a  very  long  period. 

6°.  Influence  of  saline  manures.— Ihave  already  drawn  your  attention 
to  the  remarkable  influence  of  certain  saline  substances  in  promoting  the 
growth  of  the  potatoe  crop  in  some  localities.  The  most  striking  eflects 
of  this  kind  hitherto  observed  in  our  island  hare  been  produced  by  miiL- 
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tures  of  (he  nitrate  of  soda  with  the  sulphate  of  soda  or  with  the  sulphat? 
of  magnesia.'  The  effecl  of  such,  mixtures  affords  a  beautiful  illustration 
of  the  principle  I  have  frequently  before  had  occasion  (o  press  upon  youi 
attention-T-that  plants  require  for  tlieir  healthy  growth  a  constant  supply 
of  a  considerable  cumber  of  diflerenj  organic  and  inorganic  substances. 
Thus  upon  a  field  of  potatoes,  ihe  whole  of  which  was  manured  alike 
with  40  cart  loads  of  dung,  the  addition  of — 

a.  '  Nitrate  of  soda  aLone  gave  an  increase  of  3i  tons. 

Sulphate  of  soda  alone  gave 
While  one  half  of  each  gave 

b.  Sulphate  of  ammonia  aloQe  ga 
Sulphate  of  soda  .... 
But  one  half  of  each  gave 

e.     Nitrate  of  soda  alone  gave     ....       3i 
SiOphate  of  magnesia  alone  gave  1 

And  one  half  of  each  gave     .     , 

These  results  are  very  interesting,  and  when  confirmed  by  future  re- 
petitions of  such  experiments — and  followed  up  by  an  examination  of 
the  quality  and  composition  of  the  several  samples  of  potatoes  produced — 
cannot  fail  to  lead  to  very  important  practical  eonclusipns. 

7°.  Occasional  failure  of  seed  potatoes — The  seeds  of  all  cultivated 
plants  are  linown  at  times  to  fail,  and  the  necessity  of  an  occasional . 
change  of  seed  is  recognised  in  almost  every  district.  In  the  Lowlands 
of  Scotland  potatoes  brought  from  the  Highlands  are  generally  pre- 
ferred for  seed,  and  on  the  banks  of  the  Tyne  Scottish  potatoes  brio^  a 
higher  price  for  seed,  than  those  of  native  growth.  This  superior  quality 
is  supposed  by  some  to  arise  from  the  less  perfect  ripening  of  the  i^-  land 
potatoes,  and  in  conformity  with  this  view  the-  extensive  failures  which 
have  taken  place  during  the  present  summer  (1643)  have  been  ascribea 
to  the  unusual  degree  of  ripeness  attained  by  the  potatoes  during  the- 
warm  dry  autumn  of  the  past  year. 

This  may  in  part  be  a  tri^e  explanation  of  Ihe  fact,  if— as  is  said — the 
ripest  potatoes  always  contain  the  largest  proportion  of  starch — since 
some  very  interesting  observations  of  Mr.  Stirrat,  of  Paisley,  would 
seem  to  indicate  that  icAaiever  increases  the  per-eenlage  of  starch,  in- 
creases also  l3i€  risk  of  failure  in  potatoes  that  are  to  be  used  for  seed.^ 
This  subject  is  highly  deserving  of  further  investigation, 

'  For  the  parriciilarH  of  theae  eifperlmeDLs  s«e  Ihe  Appittdix, 

llni  in  themsalies,  tut  bsMuse  Oiej  »re  realiy  dtaervUig  of  ihe  nartful  alienlioa  of 

sof  BO  manT  folates  In  Iho  crops  oflalo  years,  from  the  WBd  nol  Yeeeialing,  and  roHliw 
s  gcnniid.  I  had  so  lilea  Ihal  the  legetBliie  pilnolple  of  Ihe  plant  might  become  neafe 
nsHjoerice  of  beini  grown  on  laod  that  had  6bbb«  long  Ume  subjected  tn  eWpdIdi!,  snil 
liowed  an;  length  orilme  in  lie  it  rest.    I,  Ihererore,  nlsed  srawboHa  oD  tuid  IhU  bed 

,e«  for  70  years  <bein|i  partflf  niT  Weach  greenVond  found  Ihit  these  on  being  plsnled 

grain  f  ho  fnliowing  year  were  remarkaWj  sttosif  siidTieallhy,  BDd  hot  a  plan!  gave  way,  and 

been  equaJly  favouraWe.    Pour  yeara  aso,  one  hoilof  mysefd  poUiloes  was  planled  slonj 

seed  aU  %iye  way  excepliog  ihal  gol  Trom  me.'   They  were  ail  planted  at  the  aame  litns  and 


8°.  Efecl  of  saline  top-dressings  on  the  quality  of  (he  seed. — It  may 
be  doubted,  however,  whether  the  relative  proportions  of  atarch  are  to  be 
considei^  as  the  cause  of  tlie  relative  values  of  different  sampJes  of  seed 
potatoes.  This  proportion  may  prove  a  valuable  test  of  the  probable 
success  of  two  samples  when  planted,  -without  b«ing  itself  the  reason  of 
the  greater  or  less  amount  of  failures.  With  the  increase  of  the  starch 
it  is  probable  that  both  ihe  albumen  and  the  saline  matter  of  the  potatoo 
will  in  some  degree  diminish,  and  holh  of  these  are  necessary  to  its  fruit 
fidness  when  used  fiir  seed. 

The  value  of  the  saline  matter  is  beaiitifully  illustrated  hy  the  obser- 
vation of  Mr.  Fleming,  that  the  potatoes  top-dressed  with  sulphate  and 
nitrate  of  soda  in  1841,  and  used  for  seed  in  1842,  "presented  a  remark- 
able contrast  to  the  same  variety  of  potaioe,  planted  abngslde  of  them, 
but  which  had  not  been  so  top-dressed  in  the  previous  season.  These 
last  came  away  weak,  and  of  a  yellowish  colour,  and  under  the  same 
treatment  iu  every  respect  did  not  produce  so  good  a  crop  by  fifteen  bolls 
(3|  tons)  an  acre."  This  observation,  made  in  1842,  is  confirmed  by  the 
appearance  of  the  crops  now  growing  f  July,  1843}  upon  Mr.  Fleming's 
experimental  fields.  The  prosecution  of  the  enquiry  opened  up  by  his 
experiments  promises  to  lead  to  the  most  valuablepractiealresulis.*  They 
may  teach  us  how  to  secure  at  all  times  a  fruitful  seed,  and  tlius  to  dis- 
pense with  supplies  of  imported  produce. 

§32.  The  eonvposUion  of  lite  lurnvp,  (fte  carrot,  the  heel,  and  the  parsnip. 
1°.  Composition. — The  potatoe  is  characterised  by  containing  a  large 
proportion  of  starch  in  connection  with  asmall  quantity  of  albumen — the 
turnip  and  carrot  by  containing,  in  place  of  the  starch,  a  variable  pro- 
whs™  Uiil  tannol  be  had,  (lie  Mine  objeci  cm  be  obtained  bj'  hrtnglii?  iiew  soil  (o  the  Bur- 
f^e  by  ireothbig  as  much  as  ia  neoeasaJT,  or  by  Ihe  dbs  of  Ihe  aubllol^lJlollBll— fallurea  of 

yea™  Uiatgenoraily  the  heal  seed  potaloeabstB  beia  nit  from  &j-inB  in  the  moors  orlilgh 

brooghtuniiercropiofBQrItind,  and  many  of  Uiem  bat  newly  brought  ftom  a  slaw  of  nature, 

rally  BuppoE""' ' ■  "'- 

for  IhE  (able  is  IhsaUien,  being  moally  very  Hn,  anu, 
Bppeai  that  they  conlain  a  much  leu  quantity  of  fail[ 
land  that  has  been  same  lima  under  crop,  and,  perhaps,  (hli  Is  the  reason  why  iiipy  aro  fleller 

*^'aPey,  2^  NoTenibCT"*18«" 

(o)SIr.Rnnie,otSwanaHinB,lnforai8melha[lhBgrowiniofpQ(a(Dos:il(endedfcrseBdnpon 
new  land,  has  long  been  praciiaed  by  good  fermera.  Mr.  Little,  of  Carleigill,n6ar  Langbolm, 
vritea  me  (hat  In  Dumfrlessblre,  Uiey  oblain  the  beat  ebanfeof  potaioe  seed  ttoai  moss; 

he  adde,  degenenle  by  once  aaBW>j',  still  looking  plump  nhen  dry,  but  ba'iog  a  (liiclieT  hnsk, 
and  WBghing  Iwo  or  three  pnttfila  leas  per  bushel.    The  delertntalion  of  seeds.  In  general, 

■  Inlbe  Jj^mbAi,?,  47,  (he  eiperimenls  are  recorded,  antf  In  p.  Beihavc  more  iiiilyad. 


portion  of  sugar,  and  of  a  gelatinous  guramy-like  substance,  to  which 
the  name  o^pectin  has  been  given.  In  the  Swedish  turnip  and  in  beet- 
root the  sugar  predominates,  in  (he  white  turnip  and  in  the  carrot  tlie 
pectin  is  usually  present  in  the  larger  quaniity. 

The  compoaidon  of  the  turnip,  the  cairot,  and  the  beet  varies  very  much, 
and  is  influenced  by  a  great  variety  of  circnjuBtariees.  We  are  not  in 
possession  of  any  recent  detdled  analyses  of  these  roots..  The  following 
table  exhibits  the  component  partsof  several  varietiea,  as  they  have  been 
given  chiefly  by  Hermbstadt,  [Schiibler,  Ag.  Chem.,  ii.,  p.  207]  :— 


100         100         100         100        100 
These  analyses  are  very  defective,  and  apply  with  ar 
teotness  only  to  the  specimens  actually  operated  upon, 
therefore,  which  are  founded  upon  them  can  only  lead  to  p 
proximate  conclusions. 

2°.  The  proportion  of  sugar  contained  in  the  sap  of  these  roots  is 
greatest  when  they  are  young,  and  diminishes  as  they  ripen.  In  the 
beet,  it  has  been  observed  that  the  nitrates  of  potash  and  ammonia  are 
present  in  considerable  quantity,  and  that  in  the  old  beet  these  nitrates 
become  more  abundant  as  the  sugar  diminishes.  In  the  beet,  also,  when 
raised  by  tlie  aid  of  rich  manure,  the  ptoduiition  of  nitrates  is  increased 
more  than  that  of  sugar.'  The  same  may  possibly  be  the  case  with  the 
eommoc  cultivated  turnips.  It  would  not  be  without  interest,  both  theo- 
retically and  practically,  to  ascertauv  by  experiment,  the  relative  com- 
position of  the  same  variety  of  turnip,  grown  on  ihe  same  soil,  by  the 
aid  of  rich  farm-yard  manure,  and  by  the  aid  of  bon^  or  of  rape-dust. 
The  one  may  |>roduce  more  sugar,  the  other  more  albumen  or  nitrates. 
Such  differences  may  materially  affect  (he  value  of  the  crop,  either  in 
the  feeding  of  stock  or  in  the  production  of  an  enriching  manure.  It  is 
in  suggesting  and  carrying  on  enquiries  of  this  kind  diat  the  joint  labours 
of  the  practical  farmer  and  of  the  theoretical  chemist  are  likely,  among 
other  ways,  to  promote  the.  advancement  of  a  rational  and  scientific  agri- 
culture. 

3°.  Effect  ofsoUs,  and  manures. — These  roots  delight  in  a  rich,  open, 
and  loamy  soil — and  the  weight  of  produce  varies  much  with  the  kind 
of  manure  that  may  have  been  applied  to  them.  [See,  for  many  in- 
striictive  illustrations  of  this  fact,  the  experiments  upon  turnips,  detailed 
in  the  Appendix,  pp.  43  el  seq.]  No  experiments,  however,  have  yet 
been  made  to  determine  the  relative  proportions  of  water  and  of  their 
other  constituents  which  the  same  turnips  contain,  when  raised  by  the 
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aid  of  different  manures,  nor,  consequently,  the  true  effect  of  these 
manures  upon  tlie  relative  values  of  the  several  crops. 

4".  QUimtity  of  water  in  different  varieties  of  tamip — The  same  re- 
mark may  be  made  in  regard  to  the  several  varieties  of  turnip.  AU 
those  examined  by  He^mb'stadt,  as  appears  from  the  above  labiea,  con- 
tained 20  to  22  per  cent,  of  solid  matter  (78  to  80  of  water),  while  other 
experimenters  have  found  as  little  as  from  S  to  15  of  solid  matter  in  tur- 
nips, and  generally  less  in  the  wljite  and  large  globe  turnip  than  in  the 
yellow  and  more  solid  Swede. 

Thus,  four  varieties  of  theabove  roots  contain  of  water  and  solid  matt 
ter,  according  to  three  different  experimenters  : — 


Elnhof,  Playfair.  *|,^™^  Embal.  Plajftlr.  ^^^^ 
White  turnip        93        89        79  8        11,       Si 

Swedish  do.  SlJ      85        80  13i      15        20 

Cabbage  do.  86        —        T8  14        —        32 

Carrot  .    .  96        87 '      80  14        13        20 

The  above  differences  are  very  sfeat,  especially  when  we  look  to  the 

relative  proportions  of  dry  matter  in  which  the  nutritive  power  resides. 

They  are  of  much  importance,  therefore,  to  the  feeding  of  stock,  and 

■'       '  -     -  "---13  under  which  they  occur,  are  deserving  of  a  careful  in- 


5°.  Relative  nutritive  prnperties  df  the  potatoe  and  Oie  turnip. — The 
potatoe  is  usually  considered  more  nutritive  than  the  turnip,  weight  for 
weight,  add  no  doubt  it  generally  is, so;  .  But  if  we  compare  together  the 
■piantities  of  solid  matter  which  the  two  roots  ntay  contain,  we  shall  see' 
how  very  far  wrong  our  estinlate  may  be  in  any  special  case.  Thus — 
The  turnip  contains  of  solid  matter  from  8  to  23  per  cent.. 

The  potatoe  do.  do.  24  to  32        " 

— So  that,  while  the  driest  turnips  may  contain  four  times  as  niuch  solid 
matter  as  the  most  watery  potatoes, ,  very  dry  potatoes  may  contain 
nearly  as  much  as  very  juicy  turnips.  It  is  impossible,  therefore,  with- 
out an  actual  examioafiou  of  the  samples,  to  proiiounce  upon  the  relative 
amount  of  fobd  which  is  likely  to  be  contained  in  any  equal  weights  of 
turnips  and  potatoes.  T^he  very  discordant  estimates  which  different 
feeders  of  stock  have  formed  ih  regard  to  the  relative  value  of  these 
crops  in  the  production  of"  beef  or  inutton  is  partly  owing  to  this  catise. 
rOther  causes  for  these  discordant  festimateS  will  be  stated  in  Lecture 
XXI.]  Until  tiie  effects  of  equal  weights  df  the  different  kinds  of  food, 
estimated  in  the  dry  state,  are  carefully  ascertained,  it  will  be  impossible 
to  obtain  results  of  a  general  kind,  or  upon  which  any  real  confidence 
can  be  placed. 


The  stems  and  leaves  of  plants  which  are  given  as  green  food  to 
ammals  dift^  much  in.  conipo.gition,  according  lo  (he  age  they  have  at- 
tamed,  to  the  rapidity  of  their  growth,  to  the  nature  of  the  soil,  the 
sea'jon,  and  the  roodo  of  cultiirp.  They  are  generally  supposed  to  be 
richest  in  nutritive  matter  when  tiie  plant  has  just  come  into  flower; 


,o.,glc 


The   following   (able   exhibits  the  approximate   composition  of  the 

feen  stems  of  some  cloyers  aad  vetches,  as  they  have  been  given  by 
inhof  and  Crome : — 
JS 
Ic     ^^     SJri 


■Water      . 
SUrch      . 
Woody  fibre     . 
Sugar        .         . 
Albumen 
Extractive  matter  ani 

gum      . 
Phoaphata  of  Hme 
"Wax  and  Resin 


Ic       ^  SJri  ?  ?  1^7  17  ■3?  .3? 

U  n  11  4  I  III  g|  ^1  |i 

m  n  d  si  &e  m  fi  it  d 

,  800    760  800  75-0  77'0    83-5    77-5  79-5  86'0 

.    3-40    1-4  10  9-3  -i-S      4-7      36      38  ]-3 

.  1031  139  11-5  14-3  120    lOO    104  11-5  70 


O'l      03      06 


J9'!!  100       99-6  100     100     100     100 


5  94.   Of  the  composition  of  Ike  grasses  when  made  into  hay. 

1°,  An-elaborate  examination  of  the  grasses  of  this  country,  in  the 
dry  state,  with  the  view  of  determining  their  relative  nutritive  proper- 
lies,  was  made  by  (he  late  Mr.  Sinclair,  gardener  to  ihe  Dulie  of  Bed- 
ford. His  method  was  to  boil  in  water  equal  weights  of  eacb  species  of 
hay  till  every  thing  soluble  was  talien  up,  and  to  evaporate  the  solution 
to  dryness.  The  weights  of  the  dry  matter  thus  obtained  he  considered 
to  represent  the  nutrit&e  values  of  the  grasses  from  which  the  several 
samples  of  hay  were  made. 

The  results  of  Mr.  Sinclair,  however,  have  lost  much  of  their  value, 
since  it  has  been  satisfacrurily  ascertained — 

a.  That  the  proportion  of  aoluhle  matter  yielded  by  any  species  of 
grass,  when  made  into  bay,  varies  not  only  with  the  age  of  the  grass, 
when  cut,  but  with  the  soil,  the  climate,  the  season,  the  rapidity  of 
growth,  the  variety  of  seed  sown,  and  with, many  other  circumalances 
which  are  susceptible  of  constant  variation. 

b.  That  animals  have  the  power  of  digestiijg  a  greater  or  less  propor- 
tion of  that  part  of  their  food  which  is  insoluble  in  water  Even  the 
woody  fibre  of  the  hay  is  not  entirely  useless  as  an  ar'iclp  of  nourish- 
ment—experiment  having  shown  that  the  manure  often  contains  leaa 
of  this  insoluble  matter  than  was  present  in  (he  ibod  consumed  *  (Spren- 
sol.) 

c.  That  some  of  the  substances  which  are  of  the  greatest  importance 
in  the  nutrition  of  animals — such  as  vegetable  fibnn,  albumen,  casern, 
and  legumin^ — are  either  wholly  insoluble  in  water  or  are  more  or  less 
])erfectly  coagulated  and  rendered  insoluble  by  boiline  with  w  ater  Mr 
Sinclair,  therefore,  must  have  left  behind,  among  the  insoluble  parts  of 

■  This  win  not  appoar  snrnrl^ng  when  il  ia  rccnlleRleil  Ihaf,  bj  prtilonjed  dlieslion  in 
lilliilpil  sulphuric  acid,  InsoUihle  woorly  fibre  maj  bs  sliiwty  changed  inio  soluble  gum  or 

Hninuch'oikD  aatmal  will  depend,  amonK  oEh&f  olrciinislancea,  u^on  the  cojisIimlJon  oT  tii& 
-"Itaal  llssif,  itpon  the  alianimnce  if  food  auppJiod  lo  It,  Aud  upon  Ihe  more  or  leeaiperfect 
- --■'--■-lohUiBlhodisiilbJected.     "^^  "  .,    .CTDO^rC 
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is  hay,  the  greater  proporlion  of  these  iinportant  substances.     Hence, 
le  nature  and  weight  of  the  dry  extracts  he  obtained  could  not  fairly  re- 
t  either  tbe  kind  or  quantity  of  the  nutritive  matters  which  the, 
as  likely  to  yield  when  introduced  into  the  stomach  of  an  animal, 
irthese  reasons  I  do  not  think  it  necessary  to  dwell  upon  the  results 
of  his  experimentB.* 

2".  Woody  jihre. in  the  grasses. — Ic  the  stems  of  the  grasses  (in  hay 
and  straw),  woody  fibre  is  the  predominating  ingredient.  They  are  not 
destitute  of  starch;  gum,  and  sugar,  but  [hey  are  distinguished  from  all 
the  other  usual  forms  of  animal  food,  by  the  large  quantity  of  wbodyi 


'"K 


fibre,  and  of  saline  i 
tioQ  of  woody  fibre  i 
dryness  when  made 
p.  105):— 


■  earthy  matter  which  tliey  contain.  The  propor- 
■rsBses,  in  th.eir  usual  state  ' 
i  thus  given  by  Sprengul  (e 


of 


ro,  do. 


24 


Beau  straw,  do.   ^    ....  51 

Vetch  hay,  do 42 

Bfed  clover,  do 28 

Rye  grass,  do. 35 


only  as  approximations.  The  riper  the  straw ,or  grass,  the  less  soluble 
matter  does  it  contdn,  and  every  farmer  knows  how  much  soil,  seasoti, 
and  manure,  affect  the  quality  of  his  artificial  grasses.  One  field  will 
grow  a  hard  wiry  rye-grass,  while  another  will  produce  a  soil;  and  flexi- 
ble plant,  and  a  highly  nutritious  hay. 

3°.  Gluten  in  Ihe  grasses. — Boussmgault,  who  considers  the  relative 
nutritive  value  of  the  vegetable  substances  employed  for  fodder  to  be  in- 
dicated by  the  proportions  of  nitrogen  they  severally  contain,  lias  arranged 
grass  and  clover  ha3^  and  the  straws  of  the  corn  plants,  in  their  usual 
state  of  dryr.ess,  in  the  following  order ; — 


Hay  from  mixed  grasses 
Do.   aficrmath  . 
Do.   from  clover  in  flowei 


lendix  to  Vavy'a  Agriaillvtal  ChemisCrVj  or  in  a 

mie,  Li.,  p.  aia 


[tr  HyeU,  iioyol  Agticitttwai  • 
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practical  experience,  wIisd  we  come  to  direct  our  attention  more  parti- 
colarly  to  tie  feeding  of  stock. 

4°.  FattT/  matter  in  the  grasses. — Besides  woody  fibre,  starch,  gum, 
and  gluten,  dry  hay  and  straw  contain  also  a  variable  proportion  of  fatty 
matter.  According  to  Liebig,  it  does  not  exceed  1'56  per  cent,  in  hay, 
■while,  according  to  Dumas  and  Bousaingaull,  as  much  aa  3,  4,  or  even  5 
per  cent,  of  fat  can  be  extracted  from  it.  To  this  fact  we  shall  also  re 
turn  when  considering  the  methods  of  fattening  stock. 

5°.  Iniyrganic  matter  in  the  grasses, — The  proportion  of  saline  and 
earthy  matter  contained  in  the  grasses  is  an  important  feature  in  their 
composition.  This,  as  I  have  already  said,  ia  much  larger  than  in  any 
of  the  other  kinds  of  food  usually  given  to  aniiMals,  being  seldora  less 
than  5,  and  occasionally  amounting  to  as  much  as  10  per  cent,  of  their 
weight  when  in  the  state  of  hay  or  straw-  A  large' proportion  of  the  asi: 
left  by  the  stems  of  the  corn  plants,  and  by  many  grasses,  condsta  of 
silica.  The  straw  of  the  bean,  pea,  and  vetch,  aEQ  the  different  kinds 
of  clover  hay,  contain  Jiltle  silica,  its  place  in  these  plants  being  supplied 
by  a  large  quantity  of  lime  and  magnesia. 

§  25.  0/hemp,  line,  rape,  and  other  oil-iearing  seeds. 

The  oily  seeds  are  important  to  the  agriculturist  from  their  long  ac- 
knowledged value  in  the  feeding  and  fattening  of  cattle.  Lintseed  is  ex- 
tensively used  for  the  latter  purpose,  both  in  its  entire  state  and  in  the 
form  of  cake — when  the  greater  part  of  the  oil  has  already  been  expressed 
thira  it.  All  these  seeds,  however,  are  not  equally  palatable  to  cattle. 
Some  varieties  they  even  refuse  to  eaC.  Among  these  is  the  rape-seed, 
from  which  so  much  oil  ia  expressed;  and  the  cake  left  by  which  is  now 
so  extensively  employed  as  a  manure. 

'These  seeds  are  distinguished  from  those  of  the  com  plants,  by  con- 
ttdning,  instead  of  starch  or  sugar,  a  predominating  proportion  of  oil;  and 
instead  of  their  gluten  a  substance  soluble  in  water,  which  possesses  many 
of  the  properties  of  the  curd  of  cheese  {casein). 

We  are  in  possession  of  a  somewhat  imperfect  analysis  of  hemp  seed 
and  of  the  seed  of  the  common  lint,  according  lo  which  fh 
amined  consisted  in  100  parts  of— 

on 19-1                             1 

Husk,   fee ■  38-3                             4 

"Woody  fibre  and  starch  .     .  6'0 

Sugar,   &c 1-6                             1 

Gum ,  9'0 

Soluble  albumen  (Casern  ?)  .  24-7                          1 

Insoluble    do — 

Wax  and  resin     ....  1-6 


These  analyses  show  that,  besides  the  oil,  these  seeds  contain  consi- 
derable proportions  of  gum  and  sugar  and  a  large  quantity  of  a  substance 
here  called  soliiile  atbuMcn,  of  which  nitrogen  is  a  coiistitnetjt  -Pffti  bul 
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which  difiers  in  its  properties  from  the  gluten  and  albumen  of  the  seeds 
of  the  corn-bearing  plants,  and  has  much  resemblance  to  the  curd  of^ 
milk.'  Besides  their  fattening  properties,  therefore — which  these  seeds 
probably  owe  in  a  great  measure  to  the  oil  they  contain — this  peculiar 
albuminous  matter  .ought  to  render  (hem  very  nowriskiitg  also ; — capable 
of  promoting  the  growth  of  the  growing,  and  of  sustaining  the  strength 
of  the  matured,  animal. 

.  Tlie  quantity  of  oil  eoatained  in  different  seeds  of  this  class,  and  even 
in  the  same  species  of  seed  whea  raised  iu  diSerenl  circumstances,  is 
very  variable.  These  facta  will  appear  from  tlie  following  table,  which 
represents  the  proportions  of  oil  (hat  liave  beea  found  in  100  lbs.  of  some 
of  ihe  more  common  seeds: — 


Line 


lHo22 


Sun-flower  seed  . 
Walnut  kernels  . 
Hazel-nut  do. 


Plum  stone  do. 
Sweet  almond  dc 
Bitter    do.        dc 


15 


Hemp  seed 14  to  25 

Rape  seed 40  tc 

Poppy  seed       .     .     ,     ,     36  to  53 
White  mustard  do. 
Black      do.      do. 
Swedish  turnip  do. 

It  seems  to  be  a  provision  of  nature,  that  the  seeds  of  nearly  all  plants 
should  contain  a  greater  or  less  propoilion  of  oil,  which  ia  lodged  for  the 
most  part  in,  or  immediately  beneath,  the  husk,  and,  among  other  pur- 
poses, may  be  intended  to  md  in  preserving  the  eeed.  We  shall  here- 
aller  see  that  this  oily  constituent  is  of  much  importance  also  to  the  prac- 
tical agriculturist. 

§96-  General  differences  in  compositiim  among  the  different  kinds  of 
vegetable  fond. 

It  may  be.  useful  shortly  to  recapitulate  the  leading  differences  in 
chemical  constitution  which  exist  among  the  difierent  kinds  of  vegetable 
food  (o  which  I  have  directed  your  attention  inr  the  present  lecture. 

We  have  seen  that  each  of  the  varieties  of  food  contains  a  greater  or 
less  proportion  of  three  different  classes  of  chemical  substances^an 
organic  substance  containing  nitrogen,  an  organic  substance  containing 
no  uitrogen,  and  an  in-organic  substance.  But  it  is  interesting  to  mark 
how  in  each  class  of  those  vegetable  products  which  we  gather  &om  tha 
earth  for  our  sustenance,  the  organic  substances  Vary  either  in  composition 
or  in  chemical  characters,  while  the  inorganic  matter  alters  also  either  in 
kind  or  quantity.    Thus — 

1°,  In  the  seeds  of  the  com  plants — wheat,  oats,  &c. — the  predomi- 
nating ingredient  is  slareh,  in  conaeefion  witli  a  considerable  proportion 
of  gluten,  and  a  small  quantity  of  saline  matter  consisting  chiefly  of  the 
phosphates  of  potash  and  of  magnesia,  and  in  the  ease  of  barley  of  a 
considerable  proportion  of  lime* 

2°.  In  the.  seeds  of  leguminaus  plants — the  pea,  the  bean,  the  vetch, 
&c. — starch  is  still  the  predominating  ingredient,  but  it  is  connected  with 
a  large  quantity  of  legumin,  and  with  a  ^eater  proporiion  of  inoiganie 
matter — in  which,  phosphate  of  lime  also  is  more  abundant. 

3°>  In  &e  oU-bearing  aeeds^ihose  of  hemp,  lint,  &:c.— ^f-dsoAenttie 
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predominaling  ingredieot,  and  it  is  connected  with  a  large  propordon  <if  a 
niirogenoua  substance,  resembliDa;  tie  curd  of  milk  {casein),  and  witli  a 
quantity  of  aah  about  equal  to  tdat  in  tlie  pea,  hut  in  which  the  phos- 
phate of  lime  is  said  to  be  still  more  abundant. 

4°.  In  tlie  potatoe — starch  is  the  greatly  predominating  ingredient,  liiit 
it  is  united  with  alb-wnai  nearly  in  the  same  proportion  as  it  is  witli 
gluten  ill  wheat.  The  inorganic  matter  is  nearly  in  the  same  pKiporlioii 
to  the  dry  organic  matter,  as  in  the  pea  and  the  bean,  but  is  much 
more  rich  in  potash  and  soda.  Still  it  is  more  rich  in  the  earthy  phos- 
phates than  the  aah  left  by  wheat  and  oats,  and  is  inferior  in  this  respect 
only  xo  tbat  of  barley. 

6°.  In  the  lumip — sugar  and  pectin  lake  the  place  of  the  starch,  and 
diese  are  associated  with  albumen,  and  with  a  proportion  of  inorganic 
matter  about  equal  to  that  of  the  potatoe,  abounding  like  it  in  potash  and 
Boda,  hut  more  rich  in  the  phosphates  of  lime  and  of  magnesia. 

6°.  In  the  stems  of  the  grasses  and  clovers — woody  fibre  becomes  the 
predominating  ingredient,  associated  apparently  with  albumen,  and  with 
a  largec  proportion  of  inorganic  matter  than  in  any  of  the  other  crops. 
In  the  straws  and  in  some  of  the  grasses  which  are  cut  for  hay,  silica 
forms  a  large  portion  of  this  inorganic  matter.     In  the  clovers,  lime  and 

The  natural  diSereuees  above  described  not  onlyeiercise  an  important 
influence  upon  the  mode  of  culture  by  which  the  different  crops  may  be 
most  successfully  and  most  abundantly  raised,  but  also  upon  the  way 
in  which  they  can  be  most  skilfidly  and  economically  employed  in  ilii: 
feeding  of  stock.     To  this  latter  point  we  shall  return  hereafter. 

5  37.  Average  composition  and  produce  of  nutritive  matter  per  acre,  hy 
each  of  the  usually  cultivated  crops. 

1°.  Average  composition, — The  relative  proportionsof  the  several  most 
important  constituents  contained  in  our  cultivated  crops  vary,  as  we  hare 
seen,  with  a  great  number  of  circumstances.  The  foEowing  table  exhi- 
bits the  average  composition  of  100  partsof  the  more  common  grains, 
roots,  and  grasses,  as  nearly  as  the  present  state  of  our  knowledge  upon 
the  subject  enables  us  to  represent  it^   (See  table  at  lop  of  next  page.) 

In  drawing  up  this  table,  I  have  adopted  the  proportions  of  gluten,  for 
the  most  part,  from  Bonssingault.  Some  of  them,  however,  appear  to 
be  very  doubtful.  The  pipportions  of  fatty  matter  are  also  very  uncer- 
tain. With  a  few  exceptions,  those  above  given  have  been  taken  from 
Sprengel,  and  (hey  are,  in  general,  stated  considerably  too  low. 

It  is  an  interesting  fact,  3iat  the  proportion  of  ftitty  matter  in  and  im- 
mediately under  the  husk  of  the  grains  of  t^om,  is  generally  much  greater 
than  in  the  substance  of  the  corn  itself.  Thus  I  have  found  the  pollard 
of  wheat  to  yield  more  than  twice  as  much  oil  as  the  fine  flour  obtained 
from  the  same  sample  of  grain;"  and  Dumas  states  that  the  husk  of  oats 
sometimes  yields  as  much  as  5  or  6  per  cent,  of  oil.  We  shall  perceive 
the  practical  value  of  this  fact  when  we  come  to  consider  the  use  of  bran 
and  pollard  in  (he  faltening  of  pigs  amd  other  kinds  of  stock. 

■  Thus  the  four  portloiia  separated  b)r  Ihe  miller  from  a  aupcrior  sample  of  wheal  srnwn 
In  tneiieiehbourhDodofnurliam,  gaveofoil  respeciivel/ :--fine  flour,  IS  per  cent. ;  poUard, 
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2°.  Gross  produce  per  acre. — The  gross  produce,  per  acre,  of  the  dil- 
forent  crops  varies  aa  we  have  already  seen  {p.  467)  in  different  districta 
of  the  country.  The  weight  of  eacli  crop  in  pouads,  however,  will,  in 
general,  approach  to  one  or  other  of  the  quantities  represented  by  the  num- 
bers in  the  following  table  ; — 


Wlieat 

25  bu 

30     ' 

Barley 

35     ' 

40     ' 

Oats  . 

40     ' 

50     ' 

Rye    . 

25     ' 

30     ' 

Tndlan  corn 

30     ' 

Buckwheat 

30     ' 

Beans      . 

25     ' 

30     ' 

Peas 

25     ' 

35 

53  lbs. 

1855 

40 

2120 

40 

42  lbs. 

1680 

50 

3100 

25 

54  lbs. 

1350 

30 

1G20 

30 

'                  60  lbs. 

1900 

30 

46  lbs. 

1380 

25 

64  lbs. 

I  GOO 

30 

1920 

25 

66  lbs. 

1650 

f  p,od„co 

Welghl  of  produ 

CarroLs     . 

.  25  tons. 

Meadowhay     . 

.  li  (ons. 

tons. 

Clover  hay 

.     2toaa. 

elihl  of  produce 

Wslght  of  prudm-,0 

.  3000  Jbs. 
3600   " 

Bye  straw 

4000  lbs 
4800   " 

2100 

Bein  gtrcw 

3700   "1 

2^00 

3200   " 

'>~00 

Pea  -tmw 

2700   "  1. 

3500 

ofmitnttve  mailer  jer  ac 

—lathe 

gross  pro- 

3°.  Average  J 
duce  above  given,  ther    are  foitauip^  according  to  the  tirst  table,  tbe  fol- 
lowing average  proportions  of  ni  '  '  '  "    ' 


S.5 

150to'320   JOloeo 

fid 

ISOtoabO   36  to  72 

lOBO 

2lb               45  + 

1*«0 

253               53-^ 

Polatoes 

6 

IJTOO 

r-j 

Ib'O 

1(0 

45 

ISO 

.     la 

^"000 

I^jO 

i>40 

600 

90 

340 

.      20 

4j000 

13o0 

4500 

5401 

400 

.      30 

67  000 

3010 

6700 

8001 

1 

600 

Carrots 

.      35 

56  000 

IbSO 

5600 

11201 

300 

560 

Meadow 

hay  It 

3400 

10^0 

H60 

240 

70  to  170 

220 

Clover  li 

y       3 

4500 

IIOO 

I'OO 

420 

135  to  335 

400 

Pea  3tr« 

"700 

b75 

1200 

d30 

40 

136 

Wheat  s 

3  000 

1500 

900 

40 

15 

150 

droo 

]800 

1080 

48 

18 

180 

Oai  strs? 

PiO 

Odd 

36 

20 

135 

3  jOD 

l-STO 

POO 

48 

175 

Barley  s 

3100 

105) 

b^0 

38 

16 

105 

3  WO 

1350 

5C 

3J 

20 

125 

Rye^tra 

4  000 

1800 

1100 

5i) 

SO 

130 

The  most  uncertain  column  in  this  table  is  that  ivhich  represents  the 
quantity  of  oil  or  fat  contained  in  the  several  kinds  of  produce.  The 
importance  ol  the  ■whole  table  to  the  jnctical  man  will  appear  more 
clearJy  when  we  come  to  treat  ol'ifci  feeding  of  stock. 
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LECTURE  XX. 

Of  milk  and  lis  ptoduots  — Proi 
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(IaoUo  BOld),  Uielr  eomji^alilac.  — 
aomposiUaa  aad.nTiab;B  prD|H}rtlcHia 
ter— CbOTBingofintUMmci "—«.—' 
liquid  fUa  GODlHlnBd  ti)  bul" 

lUncldK;  mud  DteaervadoE,  _. .r.-^ r--"- — ' 

CardUng  of  milk,  atuiiiBl  uul  aitlBclBl— by  aclde  iiod  br  HDimBl  membnaeL— IIbUiu  am 
Bistloa  of  renaet— l»w  explatiSad  -^j^anulichirs  of  ^aeBs^^Vu^etiSB  ef  oneoM^-JIkTet 
Bg4  praduce  of  buuer  and  eli«eaa^-CnloDriDg  orbqltei  uid  oluei^— ThB-wbaT^-edloe 
msl&rin  lbs  Whsy— HUnrsofihSBihneoonHnuenlsof  milt— Fe^0l8lll»DmofIIlllk■- 
^Lllo»lcallng  liquor  from  milk  — Mllfc  vinegM  —Purposes  served  by  mfit  in  11m  ou)Bomr 

Of  ihe  indArect  prodiiela  of  agriculture  milk,  and  the  butter  and 
cheese  manufactured  tnim  it  are  among  the  most  important  I»  our 
large  towns  these  suhstaneea  may  almost  be  considered  as  necessaries  of 
life,  and  many  extensive  agiicultura!  districts  Etre  entirely  devoted  lothe 
pmductiOQof  thera  The  branch  ot  dairy  husbandry  also  presents  many 
"unous  and  interesting  que^ions  to  the  scientific  enqiurer,  and  upon 
Jhese  questions  modem  chemistry  has  thrown  much  light  To  ihe  con 
aideralion  of  thia  subject,  therefore,  it  is  my  intention  to  de\  ote  the  pre 
sent  lecture 

§1  OJ  die  properties  and  composition  of  mxlk 
V  Properties  of  milk — Themilkot  most  animals  is  a  white  opaque 
liquid,  having  a  slight  but  peculiar  odour — which  becomes  more  disQnct 
■when  the  milk  is  warmed. — and  an  agreeable  sweetish  taste  It  19 
heavier  than  water — usually  in  the  propiMion  of  about  103  to  100  • 
When  newly  taken  from  IJie  animal,  cow's  mdk  is  almost  always 
slightly  alcalme  It  speedily  loses  this  character  however,  when  ex 
posed  to  the  air,  and  hence  even  new  milk  often  exhibits  a  shght  degree 
of  acidity  f  When  left  at  rest  for  a  number  of  hours,  it  separates  mto 
two  portions,  throwing  up  the  lighter  part  to  the  surface  m  the  form  of 
cream  If  the  whole  tniik,  or  the  cream  alone,  be  agitated  in  a  proper 
vessel  (a  churn),theterap^rafiireof  the  liquid  undergoes  a  slight  mrreaae 
It  becomes  diatinotlv  sour,  aad  the  fatty  matter  separates  m  the  form  of 
butter  If  a  little  icid,  such  as  vinegar  or  diluted  munadc  acid,  beadd- 
f'd  to  milk  warmed  to  abont  100°  F  ,  it  imnjediaiely  coagidates  and  se- 
parates mto  a  solid  and  a  liquid  part — the  curd  and  the  wtey  The 
same  eftert  us  produced  by  the  addition  ot  rennet  or  of  sour  milk — and 
It  takes  place  naturally  when  milk  la  left  to  itself  until  it  becomes  sour 
At  a  very  low  temperature,  or  when  kept  in  a  cool  place  milK  remains 
sweet  for  a  contjderable  time      At  the  temperature  of  60°  F   it  soon 

Or  St  hue  B  epecms  Bixvlly  (jf  1020  In  womtm  s  mWn,  lo  1011  in  sReea  s  mtlk  water  be!og 
lOOQ 

I  It  is  aald  [hat  If  ths  eiiiinal  r^myn  Ion);  unmllked,  Ihe  milk  will  be^In  to  sour  bt  the 
Uder,  and  Ihal  hence  II  Is  aomeilmea  allghll?  BcliTwiien  fresh  arawn  from  Uie  cow. 
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larns  or  acquires  a  sour  taste,  and  at  70°  or  60°  It  sours  with  slill  greater 
rapidity.  If  sour  milk  be  gently  warmed  ituodergoes  fermentation,  and 
may  lie  made  to  yield  an  intoxicating  liiiuor.  By  longer  exposure  to  ilit! 
air  it  gradually  begius  to  pulrify,  becomes  disagreeable  to  the  taste, 
emits  an  unpleasant  odour,  and  ceases  fo-  be  a  wholesome  article  of 
food. 

The  milk  of  each  species  of  aniraal  is  distinguished  by  some  charac- 
ters peculiar  to  itself. 

Blue's  milk  does  not  differ  in  appearance  from  that  of  the  cow,  but  it 
is  generally  more  dense  and  thicker,  and  gives  a  pale  yellow  butter, 
which  is  soft,  and  soon  becomes  rancid.  The  curf  is  separated  from 
this  milk  with  greater  difficulty  than  from  that  of  the  cow. 

Goat's  miUi  generally  possesses  a  characteristic  unpleasant  odour  and 
taste,  which  is  said  to  be  leas  marked  in  animals  of  a  white  colour  or 
that  are  destitute  of  horns.  The  butter  is  always  white  and  hard,  and 
keeps  long  fresh.  The  milk  is  considered  to  be  very  wholesome,  and  is 
often  recommended  to  invalids. 

Ass's  milk  has  much  resemblance  to  that  of  the  woman.  It  yields 
little  cream,  and  the  butler  is  white  and  light,  and  soon .  becomes  rancid. 
It  contains  much  sugar,  and  hence  soon  passes  to  the  state  of  fermenta- 

9°.  Composition  of  milk- — Milk,  like  the  numerous  vegetable  products 
we  have  had  occasion  to  consider,  consists,  besides  water,  of  organic  sub- 
stances destitute  of  nitrogen — sugar  and  huiUr;  of  an  organic  substance 
containing  nitrogen  in  considerable  quantity— the.  cursor  casdw  ;  and 
of  inorganic  or  saline  matter,  partly  soluble  and  partly  insoluble  in  pure 


3  eomposi 
d  by  Her 


Casein  (cheese)     .     .  l'5a  4-48  1.82  4-OS  4-50 

Butter 3-55  3-13  0-11  3-33  4  30 

Milk  sugar       .     .     .  650  4-77  6'03  5-2S  5-00 

Saline  matler  .     .     .  0>45  O'GO  0-34  0-58  0-68 

Water 97'98  67-02  91-65  66-80  88-62 

100         100  100  100  100 

From  the  numbers  in  the  above  table,  it  appears  that  the  milk  of  the 
cow,  the  goat,  and  the  ewe,  contains  much  mnre  cheesy  matter  than  (hat 
of  the  woman  or  the  ass.  It  is  probably  this  similarity  of  asses'  milk  Vt 
that  of -the  human  species,  together  with  its  deSciency  In  butter,  which, 
from  the  most  remote  times,  ht^  recommended  it  to  invalids,  as  a  light 
and  easily  digested  drink. 

§  2.   Of  (fee  circmnstances  by  which  the  compositiim  or  quality  of  iJie  milh 
is  modified. 
But  the  composition  or  quality  of  milk  varies  with  a  great  variety  of 
et  me  direct  your  attention  to  a  few  of  these. 
m  the  time  of  ealmng. — Tiie  most  remarkable  depar- 


turo  from  the  ordinary  composition  of  milk  is  obserred  in  ilie  heistings, 
cotoatrumot  first  millt,  yielded  by  the  animai  after  the  birth  olita  young. 
This  milli.  is  tliiclter  and  yellower  than  ordinary  milk,  coagulates  by 
heating,  and  contains  an  anuaually  large  quantity  of  casein  or  cheesy 
matter.  Thus  the  first  milk  of  tiie  cow,  the  ass,  and  (bo  goal,  consisted, 
in  some  specimens  ex^nined  by  Henry  and  Chevallier,  of-— 

Casein        ■  .  15-1 

Butter        .  .  9'6 

Milk  sugar  ,  -^ 

Mucus        .  .  9'0 

Water        .  ,  80-3 

100  100  100 

The  increase  in  (he  proportion  of  cheese  is  peculiarly  great  in  the  first 
tiilli  of  the  ass  nnd  the  goat. 

This  state  of  the  ijtilk,  however,  does  not  long  continue.  It  gradually 
assumes  its  ordinary  qualities.  After  ten  or  twelve  days  from  the  lime 
of  calvins;,  its  peculiarities  disappear,  though  in  tbe  celebrated  dairy  dis- 
tricts of  Italy  it  is  considered  that  the  milk  dbesnot  reach  perfection  until 
about  eight  months  after  calving.  [Cataneo,  lllatle  e  i  sum prodoUi,  p. 
27,] 

a°.  Age  of  the  animal. — It  is  observed  that  milk  of  the  be^t  quality  is 
given  only  by  cows  which  have  been  already  three  or  four  tmies  in  calf. 
Such  anvmab  continue  to  eive  excellent  miUi  till  they  are  ten  or  twelve 
years  of  age,  and  have  had  seven  or  eight  calves,  when  tbey  are 
generally  fattened  for  the  butcher. 

3°.  Climate  and  season  of  the  year. — Moist  and  temperate,  climates 
are  favourable  to  tbe  production  otmilk  in  large  quantity.  In  hot  coun- 
tries, and  in  dry  seasons,  the  qizantity  is  less,  but  the  average  quality  is 
richer.  Cool  weather  fkvqura  the  ptoductioa  of  cheese  and  sugar  iu  the 
railk,  while  hot  weather  increases  tlie  yield  of  butter,  [Sprengel,  Cho- 
mie  fur  Landwirtte,  ii.,  p.  620.] 

In  spring  the  milk  is  more  abundant  and  of  finer  flavoiu'.  In  autumn 
and  winter,  other  things  being  equal,  it  yields  less  cheese,  but  a  larger 
return  of  butler,*  Where  cattle  are  fed  npon  pasture  grass  only,  tois 
observed  difference  may  be  derived  from  a  natural  difference  m  the 
quality  of  tie  lierbage  upon  which  tbe  cow  is  fed. 

4°.  Healtli  and  general  state  of  tbe  animal. — It  is  obvious  that  the 
quality  of  the  milk  must'be  aH"ected"by  almost  every  change  in  tbe  health 
of  tbe  animal.  It  is  sensibly  less  rich  in  cream  also,  as  soon  as  the  cow 
becomes  pregiiant,  and  the  same  ia  observed  to  be, the  case  when  it  shows 
a  tendency  to  fatten.  The  poorer  the  apparent  condition  of  the  cow, 
good  food  being  given,  the  richer  in  geoer^  is  the  milk. 

5°.  Time  andfreguency  of  milking. — If  the  cow  be  milked  only  once 
a  day,  the  milk  will  vield  a  sevehth  part  more  butter  than  an  equal 
r|aantity  of  that  which  is  obtained  by  two  miikings  in  the  day.  "Wlien 
the  mift.  is  .drawn  three  times  a  day,  it  is  more  abundant  but  still  lesa 

•  £Till!h  Niiiiitndn/yii ,  p.m.    This  opinlod  seems  lo  conlrnilet  Ihalor  Bprcn^el  in  Uia 
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rich.     It  is  also  univeisally  remarked,  ihat  the  morning's  milk  is  of  tet- 
ter quality  than  tbat  obtained  in  tlie  tevening. 

6°.  Period  at  vM^ii  U  taken,  during  the  milking.— Tht  milk  in  tho 
udder  of  the  cow  is  not  uniform  in.  quality.  That  which  is  first  drawn 
otFis  thin  and  poor,  and  gives  little  cream.  That  which  is  last  drawn — 
the  stroakings,  strippingB,  or  afteringa — is  rich  in  quality,  and  yields 
much  cream.  Compared  with  the  first  milk,  the  same  measure  of  the 
last  will  give  at  least  eight  and  often  sixteen  limes  as  much  cream  (An- 
derson). The  quality  of  the  cream  also,  andof  tlie  milk  when  skimmed, 
is  much  hetter  in  the  later  thai)  in  the  earlier  drawn  portions  of  the  milk. 
7°.  Ih-eatment  and  moral  slate  of  the  animal. — A  state  of  comparative 
repose  is  favoncahle  to  tlie  performance  of  all  the  important  functions  in 
a  healthy  animal.  Any  thing  which  frets,  disturhs,  torments,  or  renders 
it  uneasy,  affects  these  functions,  and,  among  other  results,  lessens  the 
quantity  or  changes  the  quality  of  the  milk.  Such  is  observed  to  he  the 
case  whjn,  the  cow  has  been  newly  deprived  of  her  calf — wheii  she  is 
taken  from  her  companions  in  the  pasture  field — when  her  usual  place 
!« the  cow-house  is  changed — whea  she  is  kept  long  in  the  hoiose  after 
tiiespring  has  arrived — when  she  is  hunted  in  llie  field  or  tormented  by 
insects — or.  when  any  other  circumstance  occurs  by  which  irritation  or 
restlessness  is  caused,  either  of  0*"1emporary  or  of  a  permanent  kind.  I 
do  not  enquire  at  present  into  the  iphysiofogieal  naitire  of  the  changes 
which  ensue — to  the  dairy  farmer  it  is  of  importance  chiefly  to  be  familiar 
with  the  facts. 

8°.  The  race  or  breed  and  size  of  the  animal. — The  quality  of  the  milk 
depends  much  upon  the  race  and  size  of  the  cow.  Aa  a  general 
rule,  small  races,  or  small  individuals  of  the  larger  races,  give  the  richest 
milk  from  the  same  kind  of  food.  Thus  the  small  Highland  cow  gives 
a  richer  milk  than  the  Ayrshire.  The  small  Alderneys  give  a  rither 
n  than  any  other  breed  in  common  use  in  this  country.'  The  small 
y  cow  is  said  to  equal  the  Alderney  in  this  respect,  while  ihe  small 
itlander  has  lieen  found  in  the  north  of  Scotland  to  give  from  the  same 
food  a  more  pmfilable  return  of  rich  milk  than  any  of  the  larger  races. 
AH  these  breeds  are  hardy,  and  will  pick  up  a  subsistejiee  from  pastures 
on  which  other  breeds  would  starve. 

The  old  Yorkshire  stock,  a  cross  between  the  aliort-hom  and  the 
Holdemesa,  is  preferred  by  the  London  cow-keepers  as  givinglhelargeel 
gaaniily  of  milk,  though  poor  in  quaUty. 

The  long-horns  are  preferred  in  Cheshire  and  Lancashire  because  of 
their  producing  a  greater  quantity  of  cheese.  The  Ayrshire  kyloe,  oji 
ordinary  pasture,  is  said  to  be  unrivalled  for  abundant  produce  (Aytonj 
— though  the  milk  is  not  so  rich  as  that  of  the  small  breeds.  Various 
cresses  have  heen  tried  in  different  parts  of  the  island — and  in  almost 
every  district  it  has  been  found  that  ihe  produce  of  some  particular  slock 
is  best  adapted  to  (he  climate,  tlife  soil,  the  natural  grasses,  the  prevailing 
husbandry,  or  to  the  kind  of  dairy  produce  which  it  is  the  interest  of  the 
farmer  to  raise  in  his  own  peculiar  ueighbomiiood . 

the  saiDe  clrcumslances,  is  glien  by  Mr.  Malcolm,  ig  hU  OmijicBiiiuiB  of  Modem  Hus- 
barrdrs.    He  kepi  aa  Ald«rney  hnd  a  BiiBbJk  CDW,  the  latter  tlie  best  lie  «?er  luvr.    During 

value  of  (he  Alderney  exceeded  tbat  of  the  BuSolk,  thou-h  ifie  laltor  save  n' 
double  lliB  quunlilf  of  milk  era  meaL~.iiri(fsAaui6aniIrjr,.li;  "  »"• 
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In  lh.e  South  of  Europe,  die  Swiss  breeds  are  considered  the  hest  for 
diiiry  purposes,  and  of  tliese  that  of  the  Cantou  of  Schweitz,  whidh,  in 
size,  is  intermediate  between  the  large  catlie  of  Fribourg  and  Berne,  and 
the  small  breed  pf  Hastl.  They  have  enormous  udders  and  give  muth 
milk,  but  like  that  of  the  SuSblk  tmws  it  is  less  rich  in  butter  and  cheesf . 

The  influejioe  of  breed  alone  upon  the  quality  of  the  milk  is  well  il- 
lustrated by  the  result  of  a  aeries  of  triat  made  at  Bradley .  Hall,  in 
Berbyshire.  During  the  height  of  the  season,  and  when  fed  upon  the 
same  pasture,  cows  of  four  different  breeds  g&vtper  day — 

Oc  I  lb,  of  biitior  HIS 

Holdeniess     .     .     29(|Qavts,  and  38-^  oz.  12  quarts  of  milk. 

AldCToey  ...     19         "  25    '•  19  " 

Devon       ...     17         "  28    " 

Ayrshire   ...     20         "  34    ' 

The  Ayrshire  cows  gave  the  richest  milk  and  a  larger  quantity  of  boih 
rjiilk  and  butter  than  the  Alderneys  or  Devons,  but  the  Holderness  breed 
surpassed  them  all.  It  gave  }  lb.  more  butter  than  the  Ayrshire,  and 
nearly  one-half  more  milk.  It  would  appear,  therefore,  to  be  admirably 
adapted  to  the  purposes  of  the  town  dairyman,  whose  profit  arises  from 
milk  and  cream  only.  It  does  not  appear  what  is  the  relative  value  of 
this  breed  in  the  prqduction  of  cheese. 

9°.  Tlie  khfd  of  food. — But  the  kind  of.food  has  probably  more  in- 
fluence upon  the  quality  of  the  milk  than  any  other  circumstance.  It  is 
familiar  to  every  di(iry  fbrrner  that  the,  taste  and  colour  of  his  milk  and 
cream  are  affected  by  tine  plants  on  which  his  cows  feed,  and  by  the  food 
he  gives  them  in  the  stall.  The  taste  of  the  wild  onion  and  of  the  turnip, 
when  eaten  by  the  cow,  are  often  perceptible  both  in  the  niilk  and  in  the 
butter.  If  madder  be  given  to  cows  the  milk  is  red,  if  they  eat  saffron 
it  becomes  yellow.  It  baa  also  been  observed  from  the  most  remote 
times,  that  vshon  fed  upon  onfi  pasture  a  eow  wiU  yield  rnore  cheese, 
upon  another  more  butter.  From  this  has  arisen  the  practice  more  or 
less  observed  in  all  dairy  districts  of  varying  the  food  of  the  cattle — of 
giving  some  artificial  ibod  in  addition  tii  that  obtained  in  the  natural  pas- 
tures— of  leaving  the  animal  at  liberty  to  iroam  over  wide  pastures  and 
thus  to  seek  out  for  itself,  as  the  sheep  does  on  extensive  sheep-walks, 
those  different  kinds  of  herbage  which  are  necessary  to  the  prixlucfion 
of  a  rich  and  valuable  milk — or  in  more  inclosed  districts,  and  where 
different  soils  exist  on  the  same  farm,  of  turning  them  during  the  former 
pait  of  the  day  into  one  field,  and  during  the  latter  part  into  another. 

Various  seta  of  experiments  have  been  made  .with  the  view  of  deter- 
iruoing  the  relative  quantidea  of  butter  and  cheese  produced  by  the  same 
animals,  when  fed  upon  different  kinds  of  food.  Much,  however,  re- 
mains yet  to  be  done  both  by  the  practical  dairy  farmer  and  by  the  fln- 
alyticid  chemist,  before  this  subject  can  he  fully  cleared  up.  According 
to  theory,  aS  I  shall  more  fully  explain  in  my  nest  lecture,  the  legumi- 
nous plants — clover,  lares,  &c.,  and  the  cultivated  seeds  of  such  plant&^ 
peas  and  beans,  ought  to  promote  the  production  of  cheese  ;  while  oil- 
cake, oats,  and  otlier  kinds  of  food  which  contain  much  oily  matter; 
ought  to  favour  the  yield  of  hutler.  The  most  recent  m 
possess,  however,  do  not  lend  any  tbsided  confirioation  to 


of  Boassiogault,   [AnEales  de  Ciiim.   e 
which  I  select  the  following : — 


cKg"      Kind  of  food. 

°f.f, 

200    Hay    .... 

207    Turnips  .    .    . 
215     Beet     ...     . 

303    Bayandoil-'oake 

5 

5 

S 

176    Potatoes  and  hay 
183    HayanddOFer 
193    Clover      .    .    . 
S04 ,  Do.  in  flower    , 

■81 

1 

n  the  first  series  of  expe 

rime 

50        0-3       876 


3-6        60        02        8G-8 


40 


i-l 
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1  the  proportion  of  cheesy  matter  and 
of  sugar  was  greatest  wfiea  beets,  potatoes,  and  oil-cake  were  given, 
■while  the  largest  proportion  of  butter  was  obtained  from  the  vse  of  hay 
and  the  least  jrom  oil-cake. 

In  the  second  series  the  proportion  both  of  cheese  and  of  butter-de- 
creased by  the  use  of  clover,  w^hile  the  qtianlity  of  milk  was  not  jier- 
inanenfly  increased. 

These  two  series  of  euperimects  may  appear  to  be  deserving  of  less 
reliance  because  th^  .were  not  made  on  successive  days,  but  at  varying 
intervals  of  time.  But  some  recent  experiments,  made  in  Lancashire 
by  Dr.  Playfair,  are  little  more  sarisfaetory.     These  wei-e  made  upon  a 


fed( 


short-horned  cow,  which 
during  the  four  succeeding  days 
different  kinds  of  food.     [Mt 


day  in  the  field  on  afler-grass,  and 
the  stall,  upon  weighed  quantities  of 
of  the  Chemical  Society,  i.,  p.  174.] 
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ase  in  tlie  proportion  of  but- 
n  the  fourth  day,  when  the 
On  the  fifth,  when 


In  these  experiments  there  appears  an  incre 
tcr  and  sugar,  and  in  the  quantity  of  milk  o 
potatoes,  hay,  and  bean  flour  were  given  to^ 
potatoes  and  hay  only  were  given,  the  quantity  of  milk  w 
ing,  but  it  was  poorer  in  quality.  Could  we  infer  any  thing,  then,  ftoiii 
a^singie  day's  trial,  it  would  be  that  the  bean  meal  had  aided  in  the  pro- 
duction of  butter  and  sugar — instead  of  chee  '  ■■-■.■ 
— while  the  steamed  potatoes  had  added  ti 


But  no  sensible  results  can  justly  be  expected  ii 


'"^( 
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of  this  oc  that  fuod,  except  by  a  iiiuah  more  prolonge<i  series  of  careful 
observations. 

If  we  compare  the  quantity  of  albumen  arid  casein  contained  in  the 
food,  with  that  yielded  in  the  milk  during  the  four  days'  experiments  of 
Dr.  Playfeir,  we  shall  find  no  perceptible  relation  between  the  two  quan- 
tities.    Thus,  the  cow  on  the^ 

Albumen  Of  Casein 

2d  day  eat  2^  lbs.,  and  yielded  0-93  lbs. 

3d        "  5     "  ■'  I-O     '• 

4tli      "  4      "  "  0'75  " 

5th      "  1-7 "  "  0-94  " 

So  that,  whether,  as  on  the  third  day  double  the  quantity  was  eaten,  or, 

as  on  the  fifth,  Uttle   more  than  htdf  as  much  as  was  consumed  on  the 

second  day,  the  produce  uf  cheesy  mailer  in  the  milk  was  sensibly  the 

same,  ort  each  of  the  three  days. 

"We  mu3t  not,  however,  from- these,  experiments,  infer  that  the  Uind  of 
food  really  has  no  influence  upon  the  quality  of  the  milli — for  lliis  con- 
cliision  is  contradicted  by  general  experience.  We  must  wait  rather  tor 
renewed  and  .more  eKtended  practical  researches,  by  which  both  out 
theory  and  praciiee  may  pTObably  be  amended,  and  by  which  the  con- 
clusions may  be  recoi:ciledlowhich  they  respectively  lead  ns.  [Seethe 
following  Iiecture  "  On,  the  feeding  of  stock."] 

10°.  Sia(«  of  pregnancy.-:— I  have  already  stated  (p.  536),  that  the 
richjiess  in  cream  diminishes  as  soonas  thg  cow  becomes  pregnant.  The 
same  is  no  doubt  true  also  of  the  amount  of  cheese  which  the  same 
volume  of  milk  will  be  capable  of  yielding.  It  must  become  poorer  in 
every  respect,  or  else  considerably  less  in  quantity  (p.  541),  fis  soon  as  the 
cow  IS  with  oalf,  since  a. portion  of  the  food  which  might  otherwise  have 
been  employed  in  the  pradiictiori  of-  milk,  must  dow  be  directed  to  the 
nourishment  of  the  yougg  animal  in  the.womb  of  (he  mofher.  Inthe 
experiitiants  to  which  I  have  just  directed  your  attention  in  regard  to  the 
effect  of  the  kind  of  food  upon  the  quality  of  the  milk,  ^e  state  of  preg- 
nancy of  theariiraalivasnot  taken  into  consideration,  though,  as  I  have 
already  said,  thbj  must  necessarily  exercise  an  important  inSuence  upon 
the  quality  of  the  milk,  whatever  be  the  kind  of  food  upon,  which  the 
animal  may  have  been  fed.*  To  this  the  want  of.accordanco  between 
theory  and  experiment  ia  probably  in  part  to  be  ascribed. 

11°.  Individual  form  and  conatUulian  of  tltt  aamal. — But  it  is  well 
known  that  animals  of  the  same  breed,  fed  on  the  same  food,  will  yield 
milk  not  only  in  different  quantities,  but  also  of  very  different  quality.' 
In  regard  to  flje  form,  Mr.  Youatt  states  that  the  "  Milch  cow  should 
have  a  long  tlujj  head,  with  a  brisk  but  placid  eye, — should  be  thin  and 
hollow  in  the  .neck,  narrow  in  the  breast  and  point  of  the  shoulder,  and 
altogether' li eh t  in  the  iiirequarter— but  wide  in  the  loins,  with  little  dew- 
lap, and  neither  too  falLfleshed  along  the  chine,  nor  shewing  in  any  part 
an  inclinarioD- ta  put  on  rauch-fkt.  The  udder  should  especially  be 
large,  round,  and  fitU,  with  the  milk  veins  pnrtruding,  yei  thin  skinned, 
hut  not  banging  loo^e  or  tending  far  behind.  The  mats  should  also  stand 
square,  all  pointing  out  at  equal  distances  and  of  ilie  same  siae,  and  al- 


IhoTigli  neilher  very  large  nor  thick  Cowards  tlie  udJer,  yet  long  and 
tapering  towards  a  point.  A  cow  with  a  targe  head,  a  high  backbone,  a 
small  udder  and  teats,  and  drawn  up  in  the  belly,  will,  beyond  aU  doubt, 
be  Ibuod  a  bad  milker."  [Youatt's  Cattle,  p.  244,  quoted  in  British  Hus- 
bandry, ii.,  p.  397  J  ,  Thus,  while  much  depends  upon  the  breed,  the 
form  of  the  individual  also  has  much  influence  upoii  its  value  as  a 
millier. 

But  independent  of  form,  the  quality  of  the  milk  is  greatly  affected  by 
the  individual  constitution  of  every  cow  we  feed.  Thus  in  a  report  of 
the  produce  of  butter  yielded  by  eacb  cow  of  a  drove  of  22,  chiefly  of  the 
Ayrshire  breed — all  of  which  we  may  presume  to  have  been  selected 
for.  dab^  purposes  with  equal  regacii  to  theu:  forms— and  which  were 
all  fed  upon  the  BEmje  pastures  in  Lanarkshire,  the  yield  of  milh  and 
butter  by  four  of  the  cows  in  the  same  week  is  given  as  follows  : — 

Milt.  BuLlBT^ 

A  yielded     ...     84  quarts,  which  gave     .     .     .     .     3J  lbs. 

F  and  R  each      .     86       "  "         " 5J  lbs. 

Q  yielded    ...     68       "  "        " 7    lbs.» 

Showina  that,  though  the  breed,  the  food,  and  the  yield  of  milk  was 
nearly  the  same,  the  cow  Gprodnced  twice  as  muchljutter  as  the  covv 
A — or  its  niilk  was  twice  as  rich.  This  result  would  have  been  sliil 
more  interesting  had  we  known  the  relative  quantities  of  grass  consumKt! 
by  these  two. cows  respectively. 

I  will  not  insist  upon  other  causes  by  which  (he  quality  of  the  milk  is 
more  or  less  materially  affected.  It  is  said  that  wben  stall  fed  the  same 
cow  will  yield  more  butter  than  when  pastured , in  the  field — Chat  the  age 
of  the  pasture,  also  influences  the  yield  of  butter — ani  that  salt  mingled 
with  the  food  improves  both  the  quantity  and  the  quality  of  the  milk 
There  are,  probably,  few  circumstances  which  are  capable  in  any  way 
of  affecting  the  comfort  of  the  animal  whic&  will  not  also  niodify  tlic 
quality  of  the  milk  it  yields. 

5  3.  Of-  the  circumstances  which  offcct  the  quantity  of  the  milk. 

The  epithet  gOod-milker  applied  to  a  cow  has  very  different  significa- 
tions in  different  districts  and  countries.  Thus  the  experimenls  of 
Bouasingault  «po!i  the  effect  of  different  kinds  of  fijod  on  the  quality  of 
the  milk  (p.  533)  were  made  upon  a  French  cow  which  was  considered 
a  goBd  milker,  and  yet  tohen  in  best  condition  never  gave  more  thau  11 
quarts  a  day.  Two,  oreven  two  and  a  half,  times  that  quantify  is  not 
considered  extraordinary  in  the  height  of  the  season  in  many  parts  of  our 
island. 

There  are  three  circumstances  which  principally  affect  the  quantity  of 
milk — namely,  the  breed,  the  liind  of  food  or  pasture,  and  the  distance 
from,  the  time  of  calving. 

1°.  The  breed.-^The  smaller  breeds  of  cattle  yield,  as  is  lo  be  ex- 
pected, a  smaller  daily  produce  of  milk — though  from  the  same  weight 
of  !bod  they  occasionally  give  even  a  greater  volume  of  milk  than  3ie 
larger  breeds. 

Good  ordinary  cows  in  this  country  yield,  on  an  average,  Irom  8  to  12 
*  Piiis  Easaiii  lif  Ihc  SfiMaml  SodelyiJievi  Seiies,  U.,p.  OSS. 
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quarts  a  day.     T!ie  county  surveys  state  the  average  daily  produce  jf 
dairy  cows  to  be,  in — 

Devonshire     ...     12  qts.  I  IiancasMre  .     .     .     8  to  9  qts. 


Cheshire    ....       8  "     I  A.yrshirt 
" a  will  yiel<' 


But  the  best  Ayrshire  kyloes  will  yield  an  average  of  13i  quarts  daily, 
during  10  montlis  of  (he  year  (Ayton). 
The  yearly  produce  of  the  best  Ayrshire  kyloes  is  stated  by  Mr. 

Ayton  at  4000  qB 

Of  average  Ayrshire  stock      .         ...         .         .         .         .  2400  " 

Good  shOrt-horns,  grazed  in  summer,  and  fed  on  hay  and  tur- 
nips in  winter  (Dickson)      . ,       .         .         .         :         .         .  4000  " 

Mtied  breeds  in  Lancashire  (Dickson) 3500  " 

Lame  dairy  of  mixed  long  and  short-horns,  at  "Workington 

Hall,  taking  an  average  of  4  years  (Mr.  Curwen)       .         .  3700  " 
Crossed  breeds  in  many  ipcalitiea  are  found  more  productive  in  milk 
tbau  pure  stock  of  any  of  the  native  races  of  cattle. 

2°.  Food  and  pasture. — In  the  same  animal  th,e  quantity  of  milk  is 
known  to  be  greaJly  iiiftuenced  by  the  kind  of  food.  This  is  best  under- 
stood in  the  ueighbourhood  of  large  towns  where  the  profit  of  the  dairy- 
man is  dependent  upon  the  quintitj"  lather  than  upon  the  quality  of  his 
milk.  Hence  the  valup  of  highly  succulent  foods—of  tlie  grass  of  irri- 
gated meadows — of  mashed  and  steamed  food — of  brewers' grains — ot 
turnips,  potatoes  and  beef! — and  of  other  similar  vegetable  productions 
ivh'ch  contain  much  water  mfimalely  mixed  with  nutritive  matter,  and 
thus  tend  both  to  aid  in  the  production  of  milk  and  to  increase  its  quan- 
tify. 

3?.  Distance  from  the  lime  of  calving  — It  is  a  weli-hnown  fact  that 
cows  in  general  after  the  first  two  Jiionths  from  the  time  of  calving, 
though  fed  upon  the  same  food  in  equal  quantity,  begin  gradually  to  give 
less  miik,  till  at  the  end  of  about  10  months  they  become  altogether,  or 
nearly,  dry.  In  (he  best  Ayrshire  kyloes,  the  rate  of  this  decrease  is  thus 
represented  by  Mr.  Ayton  : — 

First  fifty  days,  24  qts.  per  day,—       '      " 

Second    do. 

Third 

Fourth     do. 

Fifth 

Sixth 

Some  cows  indeed  do  not  run  dry  throughout  the  whole  year,  but  these 
may  be  considered  as  exceptions*)  the  general  rule.  By  feeding  them 
upon  brewer's  grains,  mashes,  and  Succulent  grass,  the  mOk-sellera  near 
our  large  towns  occasionally  keep  the  same  cow  in  prolitable  milking 
condition  for  three  years  and  upwards.f  Such  cows  are  generally  fat- 
tened after  they  ijave  become  dry — indeed  as  they  cease  to  give  milk, 
they  generally  lay  on  fat  in  its  stead — and,  as  soon  as  they  are  consider- 
ed ripe,  are  sold  off  to  the  butcher. 
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5^2  MODE 

^  i.  Of  Ute  mode  of  separating-and  estimating  the  several  canstit-uenls 

1°.  If  a  -weigbecl  quantity  of  milk  be  allowed  to  staiid  for  a  sufficieul 
length  of  time,  the  cream  will  rise  to  the  top,  anil  may  be  easily  skim- 
med off.  If  this  cream  be  gently  heated  the  butter  in  an  oily  form  will 
collect  upon  the  surface,  and  when  cold  may  be  separated  from  the 
water  beneath,  and  its  weight  determined. 

2°.  If  the  skimmad  milk  be' gently  warmed,  and  a  little  vinegar  or 
rennet  then  added  to  it,  the  curd  will  separate,  and  maybe  collected  in  a 
cloth,  pressed,  dried,  and  weighed. 

3".  If  a  second  equal  portion  of  tbfi  milk  be  weighe<i  and  then  evap- 
orated K>  dryness  by  a  gentle  heat  and  again  weighed,  the  loss  will  be 
the  quantity  of  water  which  the  milk  conlained. 

4".  If  now  the  dried  milk  be  burned  in  the  air  till  all  the  combnsttble 
matter  disappears,  and  the  residue  be  weighed,  the  quantity  of  inorganic 
saKne  matter  will  be  determined. 

5°.  Supposing  those  processes  to  be  performed  with  tolerable  accuracy, 
the  difference  between  tha  sum  of  the  weight  of  the  water^  butter,  curd, 
and  ash,  aiicl  the  weight  of  the  milk  employed,  win  nearly  represent 
that  of  the  sugar  contained  in  (lie  given  quantity  of  milk.       .    . 

'  For  many  purposes  a  rude  examination  of  m.ilk  after  this  manner  vany 
be  sufficient,  bat  where  any  tiling  like  an  accurate  analysis  is  required, 
more  refined  methods  must  be  adopted.  In  such  cases,  die  following 
appears  to  be  the  best  whichlias  hitherto  been  recommended.  [Haid-. 
len,  Aonal.  der  Chem.  &  Phar.,  xlv.,  p.  963.1 

o.  The  butter. — The  weighed  quantity  of  milk  is  mised  with  one- 
sisth  of  its  weight  of  common,  unburot  gypsum  previously  reduced  to  a 
very  fine  powder.  The  whole,  is  then  evaporated  to  dryness  with  fre- 
quent atirnng  at  the  beat  of  boiling  water  mS"  F.)  A.brittle  mass  is 
obtained,  whieh  is  reduced  to  fine  powder.  By  digesting  this  powder  in 
ether,  the  whole  of  (he  butter  is  &solved  out,  and'  by  evaporating  the 
ether,  may  be  obtained  in  a  pure  state  and  weighed.  Or  the  powder 
itself,  after  bein^.  treated  with  ether,  may  be  dried  and  weighed.  The 
butter  is  then  estimated  by  the  loss. 

b.  The  stigar. — After.the  removal  of  the  butter,  alcohol  is  poured  upon 
the  po.wder  and  digested,  with  it.  This  takes  up  the  sugar  with  a  little 
saline  matter  soluble  in  alcohol.  By  evaporating  this  solution  and 
weighing  the  dry  residue,  the  quantity  of  sugar  is  determined.  Or,  as 
before,  the  powder  itself  may  be  dried  and  weighed  and  the  sugar  esti- 
mated by  the  loss.  If  we  wish  to  estimate  the  small  (quantity  of  inor- 
ganic saline  niatter  which  has  been  taken  up  tdong  with  the  sugar,  it 
may  be  done  by  burning  the  latter  in  the  air,  and  weighing  the  residue, 

c.  l%e  saline  matter.— A  second  weighed  portion  of  milk  is  now  evap- 
orated carefully  to  dryness  and  again  weighed.  The  loss  is  the  water. 
The  dried  "milk  is  then  burned  in  the  air.  The  weight  of  the  incombus- 
tible ash  indicates  the  prftportbn  of  inorganic  saline  matter  contained  in 
the  milk. 

d.  The  casein. — The  weight  of  the  butter,  sugar,  saline  matter  and 
water  being  thus  known  and  added  together,  the  deficiency  is  the  weight 
of  the  casein. 


5  5.  Qf  the  sugar  of  milk,  and  of  iJte  acid  of  milk  or  lactic  iKid. 

Before  I  can  hope  lo  make  you  understand  Ihb  nature  of  tlie  changes 
which  take- place  duriilg  (lie  souring,  the  churning,  and  the  curdling  of 
milk,  it  will  be  necessary  to  make  you  acquaipted  witii  the  sugar  of 
milk,  and  with  lactic  acid  or  tlie  acid  of  milk. 

1".  Sugar  of  milk- — When  the  curd  is  separated  frani  milk,  the  raw 
whey  afterwards  boiled — with  or  without  the  addition  of  new  and  butter 
milk — and  the  floating  ehurd  skimmed  oIT  or  separated  by  Etraining 
through  a  cloth,.the  whey  is  obtained  nearly  free  from  butier  and  cheese. 
By  mixing  it  while  hot  with  well  beat  wliite  of  egg,  (he  remainder  of  the 
ctwd  is  coagulated,  and  may  be  removed  by  again  straining  through 
cblli.  If.me  clear  whey,  thus  obtained,  be  boiled  down  in  a  pan  to  one 
fourth  of  its  bulk,  then  poured  into  an  earthen  dish,  and  set  aside  ft>r  a 
few  days  in  a  cool  place,  minute  hard  white  crystals  gradually  de- 
posit theimelves  upon  the  sides  and  bottom  of  the  vessel.  These  cryst^W 
are  sugar  of  mUJc.  A  second  portion  may  be  obtained  by  evaporating 
the  remaining  whey  still  further,  and  again  setting  aside.  If  the  whey 
be  at  once  evaporated  to  dryness  a  white  mass  of  iropure  sugar  is  pre- 
pared, which  in  many-places  is  used  as  an  article  of  food.  Of  the  purer 
variety  large  quantities  are  extracted  from  milk  by  the  Swiss  shepherds, 
and  in  their  counti^  it  forms  an  Important  article  of  commerce. 

The  sugar  of  milk  is  less  sweet  than  that  of  the  grape,  or  of  the  sugal 
cane.  .  It  is  harder  dsb,  and  much  less  solubje"  in  water,  and  is  gritty 
between  the  teeth.  This  sugar-  undergoes  no  change  when  exposed  to 
the  air,  either  in  the  dry  state  or  when  dissolved  in  water.  But  If  a  little 
of  die  curd  of  milk  (casein)  be  introduced  into,  the  solution  it  gradually  be- 
domes  BOUT,  Jacticacidis  formed,  and  the  liijuid  begins  to  ferment;  Oaiv 
bonic  acid  is  .given  oS'— as  is  the  ease  during,  the  fermentation  of  other 
liquids — and  alcohol  is.produced-  Innulk  the  two  substances  are  na-. 
turally  intermixed,  and  it  is  the  presence  of  the  cheesy  matter,  as  we 
'shtdl  hereafter  see,  which  at  favourable  temperatures  always  causes  milk 
of  every  kind  first-to  become  sour  and  then  to  ferment. 

The  gluten  of  wheat  and  animal  membranes  of  various  kinds  produce 
a^milar  effect  upon  solutions  of  sug^r  of  milk.  A  piece  of  bladder,  or 
of  the  gut  or  stomach  of  an  animal,  immersed. into  a  solution  of  the  sugar, 
changes  it  by  degrees  into  lactic  acid,  and  upon  this  influence  depends 
the  efteet  of  the  calPs  stomach,  in  the  form  of  rennet,  in  the  curdling  of 
milk.  The  effect  of  such  membranes  is  more  speedy  after  they  have 
been  some  time  taken  from  liie  body  of  the  animal,  a  fact  which  also  ac- 
cords with  the  long  experience  of  the  dairy  districts  in  the  preparation  of 


When  a  little  sulpburieor  muriatic  acid  is  added  to  a  solution  of  milk 
sugar,  it  is  slowly  converted  into  grape  sugar.  This  change  is  hastened 
very  much  by  boiling  it  with  the  aeid.  It  is  supposed  that  previous  to 
the  fermentation  of  milk  the  sugar  it  contains  undergoes  a  similar  change 
into  the  sugar  of  grapes. 

Milk  sugar  has  not  hitherto  been  formed  by  art.  It  exists  in  the  milk 
of  all  mammiferous  animals,  and  froin.  this  source  alone  have  we  hith- 
erto been  able  to  obtain  it. 

2°.  Tke  acid  if  milk — lactic  acid. — When  milk  is  exposed  to  the  ait 
fiwalengthof  dme  it  acquires  a.sour  taste,  whifthgradttniySJ^lwseB  in 


intensity  (ill  at  length  the  whole,  begiiia  to  ferment.  This  sour  taste  is 
owing  to  the  production  of  a  peculiar  acid,  to  ■which  the  name  of  acid 
of  ir.ilk  or  lactic  add  tins  leen  given.  The  same  add  is  foiined  during 
lUe  lermentatlon  of  the  jijices  of  the  beet,  and  of  the  turnip,  in  sour  eah- 
hage  ^BQtter  kraut),  and  sour  malt,  in  brewers'  grains  which  have  become 
sour,  in  the  aoiu:  vegetable  mixtures  with  which  cattle  are  often  fed,  in 
the  waste  liquor  of  the  tanners,  in  the  fermented  extract  of  rice,  and  in 
large  quantity  during  the  fermentation  of  the  gluten  in  the  mannfadlure 
of  starch  from  wheaten  Sour,  or  of  a  mixture  of  oat-meal  or  bean- 
meal  with  water,  which  is  allowed  to  stand  and  become  sour. 

The  acid,  there&re,  differs  from  the  sugar  of  milk  in  so  far  tliat  it  can 
readily  be  formed,  and  in  any  quantity,  by  anificial  means.  As  it  is 
nol'Bmployed  for  .any  .economical  purposes,  I  shall  not  trouble  you  with 
the  methods. by  whiai  this  acid  is  ohtamed  in  a  state  of  purity. 

It  is  rarely  found  in  mUk  Vhen  first  drawn  from  the  cow,  but  it  very 
soon  begins  to  be  formed  in  it.  It  is  produced  from  the  sugar,  through 
the  influence  of  the  cheesy  matter  of  thernilfe.  '-  The  pure  acid  maybe 
mixed  with  cold  milk  without  cauang  It  to  curdle,  but-  if.  the  mixture  be 
heated,  the  curd  formsaod  speedily  separates.  It  is  for  the  same  reasoiv 
that  milk  may  be  distinctly  sour  to  the  taste,  and  yet  may  not  coagulate. 
But  if  such  milk  be  heated  it  will  curdle  imm.ediately.  So  cream,  when 
sour  may  not  appear  so,  till  itis  .poijred  into  hot  tea,  when  it  will  break 
and  leave  its  cheesy  matter  floating  on  the  surface. 

§  6.  Of&e  mutual  relations  which  exist  hetween  lactic  add  and  Ihe  cane, 
grape,  and  milk  sugars. 

It  ia  important,  and  I  think  it  will  prove  interesting  to  you,  to  under- 
stand the  beautifully  simple  relation  which  exists  between  the  sugar  of 
milk  and  this  lactic  acid,  which  plays  so  important  a  part  in  nearly  all 
your  daily  operations. 

Cane  sugar,  grape  sugar,  milk  sugar,  and  lactic  acid,  as  they  exist  in 
solution  in  water  or  in  milk,  tnay  all  he  represented  as  compounds  ofcar' 
hon  wilh  ivHter — or  of  carbon  with  hydrogen  and  oxygen  in  the  propor- 
tions in  which  they  exist  in  water.  Thus  they  consist  respectively  of — 
laCerbon  +  lSWaler 

Canesngar     .     .     .     12C  -f-  ISH  +   120     or     laC  -)-   13HO-* 

Grape  sugar       .     .     li2C  +   14H  -j-   140     or     120  +   14H0 

m  Carbon  +  E4  Wucr 
MiUc  sugar    .     .     .     24C  +   94H  -|-   940     or     240  +   24HO 

Lactic  add    ...      GC  -|-     6H  -f     60    or      GC  +""  tiHo" " 
Acetic  acid  {vinegar)     40  -1-     3H  -i.     30     or       40  +"   3H0°' 
I  have  added  acetic  acid  to  this  list,  to  show  you  that  the  lactic  acid 
bears  a  similar  relation  to  the  sugars  as  (his  acid  does.     You  will  recol- 
lect that  starch,  gum,  and  woody  fibre,  have  also  a  similar  relation  to 
the  sugars — and  diat  by  certain  apparently  simple  transformations  these 

"  C,H,  mdO,  B9  in  Qur  former  Ifictilraa,  repreaonlinj  rflKpetlivcly  carbon,  h  J (lIDjen,  ail4 


C;>H,glc 


2  converted  into  grape  augar.    In 

.._.   .   .  o    s  by  a  similar  simple  fjraasfbrmation  are 

readily  converted  into  one  or  other  of  the  two  acids  above  named.  Starch, 
gii  m,  and  woody  fibre  in  favourable  cireumstances  are  transformed  intc 
3u^ar,  (see  Leciure  VI.,  p.  Ill) — the  sugars,  io  favourable  cireum- 
stances, are  further  transformed  into  the  lactic  or  thq  acetic  acida. 

We  have  seen  that  animal  membranes  ot  the  curd  of  milk  haVe  the 
property  of  changing  these  sugars  into  lactie  acid.  This  ihey  do,  though 
excluded  from  the  aclion  of  the  air,  and  without  the  escape  of  any  gas. 
The  above  formula  show  with  what  apparent  simplicity  this  may  be 
accomplislied. 

Ill  fact,  cane  sugar,  milk  sugar,  and  lactic  acid,  as  above  represented, 
consist  of  the  saute  elements  united  togetiier  in  the  same  proportions.  It 
is  easy  to  conceive  therefore  in  what  way  the  one  may  be  transformed 
into  the  other. 

1°.  Two  of  lactic  acid  are  represented  by  19C  +  laH  +  190,  which 
is  the  formula  for  cane  sugar.  The  transforming  action  of  the  animal 
membrane,  or  of  the  casein  in  its  state  of  incipient  decay,  is  therefore 
simply  to  cause  the  elements  of  the  sugar  to  assume  a  new  arrangement 
— in  which  inalead  of  cane  sugar  they  form  a  substance  having  the'  very 
different  properties  of  lactic  acid. 

9°.  Again,  milk  sugar  is  re 
of  lactic  acid  are  also  equal  tt  .  .  , 

takes  place  when  milk  becomes  sour,  therefore,  is  eaaly  understjwJ 
Under  the  influence  of  the  casein  the  elements  of  a  portion  of  the  milk 
sugar  are  made  to  aasume  a  new  arrangement,  and  the  sour  lactic  acid 
is  the  result.  There  is  no  loss  of  matter,  no  new  elements  are  called  into 
play,  ntrtbing  is  absorbed  from  the  air  or  given  oflf  into  it — but  a  simple 
tianspusilion  of  the  elements  of  the  sugar  takes  place,  and  the  new  acid 
compound  is  produced. 

These  changes  appear  very  simple,  and  yet  bow  difficult  it ' 
ceive  by  what  mysterious  mfluence  the  it"-  ' — •""'  "''  '^•- 
raembrane  or  of  the  casein  of  the  milk,  cai 
sugar  to  break  up  their  old  connexion,  and  to  arrange  tl 
in  another  prescribed  order,  'so  as  to  form  a  compound  endowed  witb 
projjBrties  so  very  different  as  those  of  lactic  acid.  It  is  beautiful  to  see 
the  simple  means  by  which  in  nature  so  many  important  ends  are  ac- 
complished— to  observe  how  they  are  all  veiled  to  the  uuinstructed — and 
how  every  slight  accession  to  our  knowledge  opens  up  new  wonders  to 
us  even  in  those  ordinary  operations  with  which  during  our  whole  lives 
we  have  been  most  faindiar. 

From  these  intellectual,  in  addition  to  (»ther  rewards,  which  constantly 
follow  the  study  of  nature,  you  will  with  me  draw  the  conclusion — 
which  is  ever  pressing  itself  upon  our  attention — that  it  is  the  will  and 
intention  of  the  Deity,  that  all  Ws  works  shall  be  thorouglily  studied  and 
invest^ated.  But  you  will,  I  think,  a^ree  with  mO  in  drawing  this  con- 
clusion, because  of  the  further  and  higher  moral  eflect  also  which  such 
investigations  tend  to  produce  upon  3ie  mind.  Every  fresh  discovery, 
as  it  opens  up  new  fields  of  knowledge,  forces  upon  us  more  distinctly  (he 
sense  of  our  own  ignorance.  In  the  case  before  us  we  are  delighted  by 
tlie  apparent  simplicity  which  the  several  transformc)tpiuo^4^f^H^ 


't; 


sugar,  and  of  the  latter  into  lactic  acid,  may  be  brought  about,  and  seem 
almost  to  understand  how  it  is  done,  since  it  can  be  effected  by  a  simple 
transpoaitioa  of  their  elements.  But  the  after-thought  occurs — by  what 
kind  of  power  is  this  change  effected  I  The  matenals  are  certainly  pre- 
sent, but  liow  are  they  made  to  shift  their  relative' positions,  and  move 
D  their  new  pla,c^?     We  have  conijuered  one  intellectual  difficulty 

incouoter  another  apparently  still  harder  to  overcome. 

3  said  firsf,  I  believe  by  Priestley,  [Experiments  and  Obser- 
▼auons,  ii.,  p.  ix.,  edition  1781,]  "that  the  ^«er  the  drcle  of  light, 
the  greater  is  the  boundary  of  darkness  by  which  it  is  Confined."  Thiia 
they  who  know  the  most  are  the  most  strongly  impressed  with  the  sense 
of  their. own  want  of  knowledge.  \^hat  a.  fine  result  this  is  of  large 
acquirements  !  And  how  touchingly  it  was  expressed  by  Sir  Isaac  New- 
ton, when.he  likened  his  great  discoveries  to  the  gathering  of  a  few  peb- 
bles along  the  sea-shore— the  vast  ocean  of  natural  knowledge  lying'Still 
unexplored  before  him  I 

§  7.  Of  the  soaring  and  preserving  ofrnilk. 

The  natural  souring  of  milk  requires  non' little  explanation.  It  arises 
from  the  gradual  conversion  of  the  sugar  into  the  acid  of  milk  by  the 
action  of  the  caseih.  There  are,  however,  one  or  two  chcumstances  con- 
nected with  it  to  which  it  may  he  proper  lo  advert. 

1°.  If  milk  be  kept  at  a  low  temperature,  it  may  be  preserved  foe  se- 
veral days  without  becoming  sensibly  sour.  This  is  effected  in  Switzer- 
land by  imoiersiDg  the  miik  vessels  in  a  shallow  trough  of  cool  water, 
Which,  by  means  of  a  running  stream,  can  at  any  time  be  renewed,  la 
such  circumstances  the  action  of  the  cheesy  matter  in  converting  llie 
sugar  into  laOtio-  acid  is  very  slow. 

2°.  But  if  the  milk  be  kept  at  the  temperature  of  65°  or  70°  F.  it  he- 
comes  soar  with  great  rapidity,  and  if  afterwards  raised  to  the  boiling 
point  curdles  immediately.  A.n  easy  way  of  preserving  milk  or  cream 
sweet  for  a  longer  time,  or  of  removing  the  sourness  when  it  has  already 
come  on,  is  to  add  to  it  a  small  quantity  of  the  common  soda,  pearl  ash, 
or  ma^esia  of  the  shops.  Enough  is  added,  when  a  little  of  the  milk 
poured  into  boiling  water  no  hfnger  throws  up  any  curd..  As  the  small 
quantity  of  soda  or  magnesia  thus  added  is  not  unw;holesome,  cream 
may  in  this  way  be  kept  sweet  for  a  considerable  time,  or  may  have  its 
sweetness  restored  when  it  has  already  become  sour. 

3°.  I  have  already  observed  to  you  that  animal  membrane,  the  curd  of 
milk,  or  any  of  those  substances  which  possess  the  power  of  changing  Sugar 
into  lactic  acid,  loose  that  power  if  the  solution  in  which  they  are  present 
be  Raised  to  the  boiling  temperature.  Hence  if  milk  be  introduced  into 
bottles,  be  then  well  corked,  put  into  a  pan  with  cold  water,  and  gradually 
raised  to  the  boiling  point,  and  after  being  allowed  to  cool  be  taken  out 
and  set  away  in  a  cool  place,  the  milk  may  be  preserved  perfectly 
sweet  for  upwards  of  half  a-year; 

I  mentioned  also  that  if  the  solution  containing  the  sugar  and  cheesy 
matter  be  again  exposed  to  the  air  after  boiling,  it  wEI  gradually  resume 
the  property  of  transforming  the  sugar  into  lactic  acid.  Hence,  if  milk 
be  boiled,  it  is  preserved  sweet  lor  a  longer  period  of  time,  but  the 
casein  gradually  resumes  its  transformijig  property,  and  at  the  end  of  a 


few  days  turns  it  sour.  If,  however,  the  milk  be  boiled  every  morning 
oi-  every  second -morning,  ihe  souring  property  of  ihe  casein  is  at  every 
boiling  destroyed  again,  and  the  milk  may  thus  be  liept  fresh  for  two 
months  or  more. 

4°.  Anodier  mode  of  preserving  milk  is  io  evaporate  it  to  dryness  by 
a  gentle  heat,  and  under  constant  stirring.  By  (his  ineans  a  dry  mass  is 
obtained  which  may  be  preserved  for  a lengih  of  time,  and'  which  when 
dkaolved  in  water  is  said  to  possess  all  the  properties  of  the  most  excel- 
lent milli.  It  is  known  in  Italy  by  the  name  of  latteina.  [U  latte  e  i 
suoi  prodolti,  p.  19.] 


|-8.   Of  IM  separation  and  measurement  of  cream, 

comjjostfton  of  cream,  and  the  preparation  oj  meam  cheese 
1°.  Separation  ofeream  — The  fatty  pait  of  the  milk  which  evists  in 
the  creain,  and  which  forcJB  the  butter,  is  merely  mixed  with  and  heldm 
suspension  by  the  water  of  wluch  the  nulk  chiefly  consists  In  the 
udder  of  the  <;ow  it  is  in  some  measure  separated  from,  and  floats  on,  the 
surface  of  the  miUt,  the  later  drawn  portions  being  always  the  ncliest  in 
cream.  During  the  lailkmg,  the  nch  and  poor  poitioDS  are  usually 
mised  intimately  together  again,  and  thus  the  after  separation  la  render- 
ed slower,  more  difficult,  and  less  complete  That  this  la  really  so,  is 
proved  by  two  facts — first,  that  if  milk  be  well  sbakeo  or  stirred,  so 
as  to  mix  its  parts  intimately  together  before  it  is  set  aside,  the  cream 
■will  be  considerably  longer  in  rising  to  the  surfece — and  second,  that 
more  cream  is  obtained  by  keepina  the  imlk  in  separate  portions  as  it  is 
drawn,  and  settmg  these  iiaide  to  throw  up  their  cream  m  sepaiale  \ea- 
6els,  than  when  the  whole  milking  le  mixed  together  When  the  collec 
tion  of  cream,  theietore,  is  tie  prmeipal  olgect,  economy  suggests  that 
the  first,  second,  third,  and  last  drawn  potfiODS  of  the  milk  '.liould  he 
kept  apart  from  each  other  tven  m  large  dairies  this  could  easdy  hfe 
effected  by  ha^  ing  tliree  or  four  pails,  in  one  of  which  the  first,  m 
another  the  second  milk,  and  so  on,  might  be  collected 

Cream  does  not  readily  nse  through  any  considerable  depth  of  milk  , 
it  is  usual,  therefore,  to  set  it  asid?  m  bioad  shallow  vessels  in  which  the 
milk  stands  dt  i  depth  of  not  more  than  two  or  three  inches  By  this 
means  the  cream  can  be  more  effectually  separated  wilhui  a  given  time. 
But  the  teriiperature  of  the  Burrounding  air  materially  aJlects  the 
quantity  of  cream  which  milk  will  yield,  or  the  rapidity  with  which  it 
rises  to  the  surface  and  can  he  separated.  Thus  it  is  said  that  fram  the 
same  mUk  an  equal  quantity  of  cream  may  be  extracted  in  a  much 
shorter  time  during,  warm  thun  during  cold  weather — that,  for  example, 
milk  may  be  perfectly  creamed  in — 

.^6  horn's,  wlien  the  temperature  of  the  air  is  50°  F. 

24       "  "  ."  "  550  F. 

letoao  hours   "  '■  "  68° -F. 

10  tola  ''  "  _'■  77°  F. 

— while,  at  a  temperature  of  34°  to  37"  F.,  mill!  may  be  kept  for  three 
weeks,  witliout  throwing  up  any  notable  quantily  of  cream  (Sprengel). 

The  reason  of  this  is  that  the  fatty  matter  of  the  milk  becomes  partialfy 
solidified  in  cold  weather,  and  is  thus  unable  to  rise  to  the  surface  of  the 
milk  60  readily  as  it  does  when  in  a  wann  and  pentssily  fluid  slate- 


TUe  above  remarks  apply  to  milk  of  ordinary  quality  and  consistency. 
In  very  thin  jv  poor  milli,  in  *Mch  liwle  cheesy  matter  is  contained,  the 
cream  will  ri'ie  more  qnicklj 

2°  Measureinent  of  eream — the  galaatoineier. — The  richness  of  iriilk 
18  vHjry  generally  estimated  by  the  bulk  of  cream,  which  rises  to  its 
surtace  lo  a  given  time  For  the  purpose  of  testing  this  richness,  a 
simple  instrument,  dignified  by  the  learned  name  of  a  galactomeler 
(milk  gauge),  has  been  recommended  and  may  often  be  useful.  It  con- 
sists of  T  narrow  cylmdrical  vessel  or  long  tube  of  glass,  divided  or  gra- 
duated mto  100  equal  parts  This  vessel  is  filled  up  to  100  with  the 
milk  to  be  tested,  and  at  the  end  of  24  oc  36  hours,  the  quantity  olteream 
which  has  risen  is  estirag.ted  by  the  number  of  degrees  of  space  which  it 
occupies  at  the  top  of  the  mUt.  If  it  cover  3  d^ees  the  milk  yields 
3  per  cent ,  if  7  degrees  7  per  cent,  of  cream.  This  instrument,  how- , 
ever,  will  gn  e  a  result  which  will  be  generally  less  than  the  truth,  be- 
cause the  cream  will  alwajfS  rise  slowly  through  5  or  6  inches  of  milk— 
the  smallest  length  which  the  instrument  can  conveniently  be — and  moat 
slowly  in  the.  richest  and  thickest  milk.  Unless  considerable  care  be 
taken,  therefore,  this  milk-gauge  may  easily  lead  to  erroneous  con- 
clusions in  regard  to  the  relative  degrees  of  richness  of  different  samples 
of  milk. 

3°.  Compositum-  of  cream. — Cream  does  not  consist  wholly  of  fatty 
matter  (butter),  but  the  globules  of  fafas  they  rise  bring  up  with  them  a 
variable  prapoction  of  the  casein  or  curd  of  the  milk,  and  also  some  of  the 
milk  sugar.  "  It  is  owing  to  the  presence  of  sugar  that  cream  is  capable 
of  becoming  sour,  while  the  casein  gives  it  the  property  of  curdling  when 
mixed  with  acid  Uquids  or  with  acid  fruits. 

The  proportion  of  cheesy  matter  present  in  cream  depends  upon  fho 
richness  of  the  milk  and  upon  the  tetoperaturo  at  which,  the  milk  is  kept 
during  the  rising  of  the  cream.  In  cool  weather  the  fatty  matter  will 
bring  up  with  it  a  larger  quantity  of  *he  curd,  and  form  a  tnicker  cream, 
containing  a  greater  propoiiion  of  cheesy  matter.  The  composition  of 
cream,  therefore,. is  Tery  variable — much  more  so  than  that  of  milk — 
and  depends  very  tduch  upon  the  mode  in  which  it  is  collected. 

A  specimen  of  cream,  examined  by  Berzelius,  which  had  a  denaty 
(specific  gravity)  of  1-0244,  consisted  ol^— 

Sutler,  separated  by  agitation .     4-5  per  cent. 

Cheesy  matter,  separated  by  coagulating  the  butter- 
milk    3-5         " 

Whey 92-0 

100 
Some  of  tlie  butter  remained,  as  is  usually  the  case,  in  the  butter- 
milk, and  added  a  little  to  the  weight  of  the'  curd  which  was  afterwards 
separated,  but  the  result  of  this  analysis  is  sutHcient  to  show  that  cream 
in  general  contains  a  very  considerable  proportion  of  clieesy  matter — 
■'      s  almost  as  much  cheese  as  butter.* 


■The  domed  cream  of  Devonshire  and  other  Weslern  counlieB,  hb  well  aa  Ihe  hulter  pre- 
flre,aronabotplB(e,lUlmeniilkiipproa(!io3  Uia  bailing  point.    Thedrillh:.  bDwafref,  must 
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I  would  remark,  however,  that  Uiis  creara  eicamined  by  Berzeliua 
inust  have  beeu  of  an  eiceediiigly  poor  qualiiy — little  richer,  indeed, 
than  cooimori  milk,  since  100  lbs.  of  it  would  only  have  yielded  1^  lbs. 
of  butter.  Cream  of  good  quality  in  this  countiy,  when  skilfully 
churned,  will,  yield  about  one-lburch  of  its  weight  of  butter,  or  one  wine 
gallon  of  eream,  weighing  8f  lbs.,  will  give  nearly  2  lbs-  of  butter.* 

4°.  Ctiam-cheeie. — You  will  now  readily  ucderstaud  the  nature  of 
what  is  called  ereain-cheese — how  it  differs  from  ordinary  cheese  and 
from  butter,  aud  why  it  so  soon  becomes  first  sour,  and  then  rancid. 

In  preparing  this  cheese  the  cream  in  this  country  is  generally,  I  be- 
lieve, either  tied  up  in  a  cloth  or  put  into  a  shallow  cheese  vat,  aud  al- 
lowed to  curdle  and  drain  without  any  addition.  The  cheesy  matter  and 
butler  remaifl,  thus  intimately  intermixed',  and  it  is  more  JDr  less  rich,  ac- 
cording as  the  proportion  of  butter  to  the  ebeesy  matter  in  (he  cream  is 
greater  or  less.  This  cheese  becomes  soon  rancid  and  unpleasant  to  the 
tasle,  because  the  moist  curd,  after  a  certain  length  of  exposure  to  the 
air,  not  only  decomposes  and  becomes  unpleasant  of  itself,  but  acquires 
the  property  of  changing  the  butter  also  and  of  imparting  to  it  a  dis- 
agreeable taste  and  smeU. 

In  Italy,  eream-cheeses,  called  mascarponi,  are  made  by  beating  the 
cream  nearly  10  boiling,  and  adding  a  little  sour  whey  as  the  oily  matter 
begins  to  separate.  The  whole  then  coagulates,  and  the  curd  is  taken 
out  and  set  to  drain  in  shapes.  As  the  sour  whey  is  apt  to  give  this 
cheese  an  unpleasant  flavour  or  a  yellow  colour,  it  is  said  to  be  better  to 
take  20  grains  of  Tartaric  acid  ibr  each  quart  of  eream,  to  dissolve  it  in 
a  little  water,  and  to  add  this,  instead  of  the  sour  whey,  to  the  I lot  eream. 
The  acid  runs  off  in  the  whey  of  the  cream,  and  the  cheese  is  colour- 
less and  free  from  foreign  flavour.  The  moscajjioni,  lite  the  English 
creani-cheeses,  are  covered  with  leaves  or  straw,  are  littled  pressed  or 
handled,  and  must  he  eaten  fresh. 

§  9.   Of  Ihe  separation  of  hulier  by  chiming  or  otherwise. 

Milk  is  a  kind  of  natural  emulsion  in  which  the  fatty  matter  exists  in 
the  state  of  very  minute  globules,  suspended  in  a  soludon  of  casein  and 
sugar.  Cream  is  a  similar  emidsbn,  differing  from  rnilk  chiefly  in  con- 
taining a  greater  number  of  pily  globules  and  a  much  smaller  proportion 
of  water.  .  In  milk  aiid  cream"  tliese' globules  appear  to  be  snrraunded 
vjilh  a  thin  white'  shell  or  eovering,  probably  of  caSein,  hy  which  they 
are  prevented  from  rmining  inio  one' another,  and  collecting  into  larger 
oily  drops. 

But  when  cream  is  heated  for  a  length  of  time,  these  globules,  by  their 
lightness,  rise  to  the  surface,  press  nearer  1o  each  other,  brealt  through 

nol  actaaljT  boU,  nor  mu^  Iha  ikin  a!  Ihs  cretun  be  lH!til:stl.  Tho  dislisa  ere  bow  removed 
bilo  Iha  daii^,  uid  HUonod  lo  cooL   In  sammer  ths  oieua  should  be  cbarasit  on  Itad-fol. 

M  be  oae-fniinli  giaOa  bjr  ftkla  msOiiid,  snd  Iha  milk  irtifch  is  lett  iB  ji W^'Uo'i^tily  posr. 
When  mlUc  on  which  no  cresm  floula  \a  kented  nesrlr  to  belling  la.IIIB  air,  a-pelOcU  at 

usefaUiBlU  njoo  Ihe  nmnufcomto  and  preaeivaiiQi;  jfbiuier.  t     1  )l  lolt 
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their  coYerings,  and  unite  into  a  film,  of  melted  fat.  lii  like  manner, 
when  milk  Etnd  eveam  are  strougly  agitated  by  any  m.echanieal.  means, 
the  temperatuie  is  found  to  rise,  (he  coverings  of  the  glohnles  are  broken 
or  aeparated,  and  the  fatty  matter  uaites  into  small  grains,  anO  finally 
into  lumps,  which  form  our  oi'dinary  butter.  This  union  of  the  globules 
,  t^pears  to  he  greatly  promoted  by  the  presence  of  a  small  quantity  of 
acid — since  in  the  practice  of  churning  it  never  takes  place  until  tlie 
milk  or  cream  has  become  somewhat  sour. 

These  two  facts  afford  an  explanation  of  tha  various  methods  which 
are  in  different  places  adopted  for  the  preparation  of  butter. 

1°.  By  healing  the  ereant.— When  rich  cream  is  heated  nearly  to  boil- 
ing, and  is  kept  for  some  time  at  that  temperature,  the  butter  gradually 
rises  and  collects  on  the  surface  in  the  form  of  a  fluid  oil.  On  cooling,  this 
oil  becomes  solid,  and  may  he  readily  removed  from  the  water  and  curd 
beneath.  The  fatty  matter  of  the  milk  is  thus  obtained  in  q.  purer  form 
than  when  butter  is  prepared  ia  the  usual  way.  It  may,  therelbre,  be 
Kept  for  a  bnger  period  without  salt  and  without  becijming  rancid,  but  it 
has  neither  the  agreeable  flavour  nor  the  consistence  of  churned  butter, 
and  is,  therefore,  scarcely  known  in  our  climWe  as  an  article  of'  food.*' 

The  ?ame  oily  kind  of  butter  may  also  he  obtained  by  melting  the 
churned,  butter  and  pouring  off  the  transparent  liquid  part  which  floats 
upon  the  fop.  This  is  the  only  form,  in  which  sweet  butter  is  known  in 
many  parts  of  Russia;  In  warm  weather  it  has  the  consistence  of  a 
thick  oil,  ia  used  instead  of  oil  for  many  culinary  purposes,  and  is  de- 
noted, indeed,  by  the  same  Russian  word.  It  may  he  kept  for  a  consi- 
derable lime  without  salt. 

2".  By  churning  ike  cream — a.  Sour  cream. — Cream  for  the  purpose 
of  chummg  is  usually  allowed  to  become  sour.  It  ought  to  be  at  least 
one  day  old,  but  may  with  advantage  he  kept  several  days  in  cool 
weather — if.  it  be  previously  well  freed  from  milk  and  be  frequently 
stirred  to  keep  it  from  cnrdUng. 

This  sour  cream  is  put  into  the  chum  and  worked  in  the  usual  way 
till  the  butter  separates.  This  is  collected  into  lumps,  well  beat  and 
squeezed  free  from  the  milk,  and  in  sopie  dairies  is  Washed  with  pure 
cold,  water  as  long  as  the  w.ater  is  rendered  milky.  In  other  localities 
the  butter  is  not  washed,  but,  afVer  being  well  beat,  is  carefully  freed 
fron>  the  rehiaining  milk  by  repeated  squeezings  and  dryings  with  a  clean 
cloth.  Both  methods,  no  doubt,  have  their  advantages.  In  the  same 
circumstances  the  washed  butter  may  be  more  easily  preserved  in  the 
freah  state,  while  the  unwashed  butter  will  probably  possess  a  higher 
flavour, 

6.  ^weet  cream — If  sweet  cream  he  put  intot.he  churn  the  buttermay 
be  obtained,  but  in  most  cases  itrequires  more  labour  and  longer  time, 
without,  in  the  opinion  of  good  judges,  affording  in  general  a  iiner 
quality  of  butter.  In  all  cases  the  cream  becomes  sour  during  the  agi- 
tafionand  before  the  butter  begins  distinctly  to  form  (see  p.  554.) 

c.  Clouted  cream. — The  churning  of  the  clouted  cream  of  this  and 
other  countries  forms  an  exception  to  the  general  rule  just  stated,  that 
more  time  is  required  in  the  churning  of  sweet  creams.     Clouted  cream 


may  be  churned  iij  the  morning  after  it  is  made,  that  is,  within  24  hoars 
of  the  time  when  the  milk  was  laken  from  ths  cow — and  from  snch 
cream  it  is  well  bnowo  that  the  butter  separacea  *!th  verygreat  ease.  But 
in  this  case  the  heatlrigof  the  cream  has  alreadydiaposed  the  oily  matter 
to  cohere,  an  iacipieat  tanning  together  of  the  globules  has  probably  taken 
place  before  the  cream  is  removed  from  the  milk,  and  hence  the  com- 
parative eaae  with  which  the  chnming  is  eHected.  I  suppose  there. is 
something  peculiar  in  butter  prepared  m  this  way,  as  it  is  known  in 
other  Gounlies  by  the  natvie  of  Bohemian  butter.  It  is  stud  to  be  very 
agceeable  in  flavour,  hut  it  must  contain ,  mora  cheesy  matter  than  the 
batter  from  ordinary  cream. 

3°.  ChTiTning  ihe  whoLe  niSl,k. — Butter  ra  Ysry  many  districts  is  pre- 
pared from  the  whole  milk.  This  is  a  much  more  laborious  method — 
from  the  difficulty  of  keeping  ja  motbn  such  large  quanlities  of  fluid. 
It  has  the  advantage,  however,  it  is  said,  of  giving  a  larger  quantity  of 
butter ;  and  in  the  neighbourhood  of  the  towns  in  Scotland  and  Ireland 
the  ready  sale  obtained  for  the  butler-milk  is  another  inducement  for  the 
continnance  of  the  practice. 

At  Eennes,  in  Brittaoy,  the  milk  of  the  previous  evening  is  poured 
into  Ike  cfturn  along  with  the  warm  morning's  milk,  and  the  mixture  is 
allowed  to  stand  for  some  hours,  when  the  whole  is  churtied.  In  this 
way  it  is  said  that  a  larger  quantity  of  butter  is  obtained,  and  of  a  mora 
delicate  flavour.    [11  latte  e  i  suoi  prodotti,  p.  112.] 

In  the  neighbourhood  of  Glasgow,  according  to  Mr.  Ayfon,*  the  milk 
is  allowed  to  stand  6,  12,  or  24  hours  in  the  dairy  till  the  whole  has 
cooled,  and  the  cream  has  risen  to  the  surface.  Two  or  three  milking, 
still  sweet,  are  then  poured,  together  with  their  cwam,  into  a  largo  ves- 
sel, and  are  left  undisturbed  till  the  whole  has  become  disSnofly  sour, 
and  is  completely  coagulated.  '  The  proper  sourness  ia.indicated  by  the 
forznalion  of  a  stiff  6ra(  upon  the  surface  which  has  become  uneven  (Bal- 
lantyae).  Great  care  must  be  taken,  however,  to  keep  the  brat  and 
curd  unbroken  until  the  milk  is  about  to  be  churned,  for  if  any  of  the 
whey  be  separated  the  air  gains  admission  to  it  and  to  the  curd,  and 
fermentation  is  induced.  By  this  fermentation  tlie  quality  ot'the  bultet 
may  or  may  not  be  affected,  but  that  of  the  butter-mUlt  is  almost  sure  to 
be  injured. 

In  Holland  the  practice  is  a  litfle  different.  The  cream  is  not  aDow 
ed  to  rise  to  the  surface  at  all,  but  the  milk  is  stirred  two  or  three  times  a 
day,  till  it  gets  sour,  and  so  thick  that  a  wooden  spooh  will  stand  in  it. 
It  is  then  put  into  the  churn,  and  the  working  or  the  separation  of  the 
butter  is  assisted  by  the  addition  of  a  quantity  of  cold  water. 

By  churning  the  sour  milk  in  one  or  other  of  these  ways,  the  butter 
IS  said  to  be  "  rich,  sound,  and  well- flavoured."  If  it  be  greater  in 
quantity — which  appears  to  be  the  opinion  of  those  who  practise  it  itj 
tbis  country,  in  Germany,  and  in  Holland — it'  is,  according  to  Sprengel, 
because  the  fatty  matter  carries  with  it  from  the  milk  a  larger  quantity  of 
casein  than  it  does  in  most  cases  from  the  cream  alone  ( t), 

§  iO.  0/  the  composition  of  butter. 
Butter  prepared  by  any  of  the  usual  methods  contains  more  or  less  of 
*  In  liisi>ai>yfruaiiin<2ry,Bwoi:kmach  praised,  and  whlchl  regreI|IbiilIhu^iffq^9^!|iiL' 


all  the  ingredieiils  whicli  exist  in  milk.  It  coiisiata,  however,  easontially 
of  the  fat  of  mill;  iniimafely  mixed  with  a  more  or  less  considerable 
proportion  of  casein  and  water,  and  with  a  small  quantity  of,  sugar  of 
milk.  Fresh  butter  is  said  to  contain  about  one-sixtK  of  its  weight  (18 
per  cent.)  of  these  latter  substances,  and  five-aisths  of  pure  fat  (Chev- 
reul).  How  much  of  the  16  per  cent,  usually  consists  of  cheesy  matter 
has  not  yet  beeji  determined.* 

.  It  is  probable,  however,  that  the  proportion  of  cheesy  matter  contained 
in  butter  varies  very,  much.  The  thickness  and  richness  of  the  milk— 
the  mode  of.  preparing  the  butler,  whether  from  the  whole  milk  or  from 
the  cream' — the  way  in  which  the  cream  is  separated  from  the  milk, 
■whether  by  clouting  or  othervrise — and  the  nature  of  the  food  and  pas- 
ture, xfiast  all  affect  in  a  very  considerable  degree  the  relative  pro- 
pordons  of  the  fatty  and  cheesy  matters  of  ■which  our  dornestic  butter 
consists. 

Besides  the  caseia  and  sugar,  butter  also  usually  contains  some  colour- 
ing substance  derived  from  the  plants  on  which  the  cow  has  fed,  and 
sojne  aromatic  or  other  similar  ingredients  to  which  its  peculiar  flavour 
is  owing,  and  which  are  also  derived  from  the  food  on  which  the  animal 

The  faC  of  butter  may  be  readily  separated  from  all  these  substances, 
and  obtained  in  a  nearly  pure  state.  Fresh  newly-churned  butter  is 
melted  in  a  cylindrical  jar  at  a  temperature  of  140°  to  180?  F.,  the 
fluid  oil  poured  off  into  water  heated  to  the  same  temperature,  and  re- 
peated W  shaken  -with  fresh  portions  as.long  as  any  thing  soluble  is  taken 
up.  When  left  at  rest  in  a  warm  place,  the  melted  fat  rises  to  the  sur- 
face in  the  form  of  a  nearly  colourless  transparent  oil,  which,  on  cooling, 
hardens  into  a  colourless  mass. 

This  pure  fat  may  be  preserved  for  a  much  longer  time  without  he- 
coming  rancid  ,(Thenaid).  It  is  the  various  sutetances  ■with  which  its 
fatty  matter  is  mixed  that  give  to  common  butter  its  tendency  to  become 
so  speedily  rancid  and  to. acquire  an  unpleasant  taste.  To  the  nume- 
rous precautions  which  have  been  adopted  with  the  view  of  counteract- 
ing this  tendency,  and  of  preserving  the  sweet  taste  of  butter,  I  shall  pre- 
sently direct  your  attention. 

§  II.  Offfie  average  quanl.Uy  (^  hatter  yielded  hy  milk  andcream,  and 
of  the  yearly  produce  of  a  r.ow. 

1  ha\e  already  made  you  actiuanted  with  some  of  those  numerous 
curcuma tanres  by  which  the  quality  of  milk  is  affected.  These  satne 
circumstances  ^1  dl  Becesaarily  more  or  less  affect' the  quantity  of  butter 
also,  which  a  gn  en  weighi  or  measure  of  milk  can  be  made  ti>  yield. 

Thus  in  the  Kmg  WUliain's  town  dairy  (County  Kerry),  the  average 
quantity  of  milk  and  butter  yielded  by  the  Kerry  and  Ayrshire  breeds 
respectively  w  as,  in  a  whole  year — 

Ayrshire  cow,  1328  quarts,  of  which  9^  to  9^%  quarts  gave  1  lb.  of  but- 
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Kerry  cow,  1964  quartii,  of  which  from  8  quarts  fo  8J  gave  1  lb.  of 

-  Showing,  as  I  have  before  stated,  (p.  536),  that  the  small  Kerry  cow, 
upon  the  same  pasture,  will  ^ve  a  richer  milk  even  thaa  the  Ayrshire. 
In  Holsteiji  and  Lunenburg  again,  it  is  considered,  on  an  average, 
that  15  quaita  of  milk  will  yield  1  lb.  of  butter.  The  milk  in  that 
country,  therefore,  must  be  very  much  poorer  in  butter.  [Journal  of  the 
Eoyal  Agricultural  Society,  I.  p.  3S6.] 

The  result  of  numerous  trials,  however,  made  upon  the  milk  and 
cream  of  cows  considered  as  good  butter-givers,  in  this  country,  has 
established  the  following  average  relation  between  milk,  cream,  and  but- 

Mllk.  Cream.  Bnltar. 

18  to  21  lbs.  >  „.  , ,  5  4  lbs.    )  „,  ,  ii, 

9  to  U  qts.  \  y^''^         i  2  qts.«  \  "'  ^  '■''■ 

The  cow,  therefore,  that  yields  3000  quarts  of  milk  should  produce, 
where  butter  is  the  principal  object  of  the  farmer,  about  300  lbs.  of  but- 
ter, or  1  lb.  a  day  Ibr  300  days  in  the  year. 

This  is  not  a  large  daily  produce,  since  some  cows  have  been  knowa 
to  give  for  a  limited  time  as  much  as  two  or  even  three  pounds  of  butter 
in  a  single  day.  It  is  a  large  quantity  however,  taken  as  the  average  of 
a  lengthened  period  of  time,  and  hence  such  cases  as  that  of  Mr.  Cramp's 
cow,  which  for  four  years  continuously  yielded  nearly  a  pound  and  a 
half  of  butterf  every  day,  are  naturally  quoted  as  extraordinary. 

In  most  districts  the  average  of  the  whole  year  is  much  less  than  a 
pound  a  day,  even  ibr  ten  months  only.  In  Devon,  for  the  first  twenty 
.weeks  after  calving,  a  good  cow  will  yield  12  quarts  of  milk  a  day,  from 
which,  by  the  method  of  scalding,  a  pound  and  a  quarterof  butter  can  be 

In  South  Holland,  [Loudon's  Encyclopedia,]  a  good  cow  will  pro- 
dace  during  the  summer  ra.onths  about  76  lbs.  of  butter.  In  the  high 
Sastures  of  Scaria  in  Switzerland,  a  cow  will  yield  during  the  uinely 
ays  of  summer  about  40  lbs.  of  butter,  or  less  man  half  a  pound  a  day. 
In  Holsteiu  and  Lunenburg  it  is  considered  a  fair  return  if  a  cow  yields 
100  lbs.  of  butter,  and  even  in  England,  [British  Husbandry,  II.,  p. 
404,]  160  to  180  lbs.  ia  reckoned  a  fair  annual  produce  for  a  cow,  or  from 
8  to  9  ounces  a  day  for  ten  months  ia  the  year. 

§  12.  Of  Ike  circumstances  which  affect  the  quality  of  butter. 
It  is  known  that  the  butter  produced  in  onei  district  of  the  country,  diF- 
fers  often  in  quality  from  that  produced  in  another,  even  though  the  same 
joethod  of  manufacture  be  adopted.  In  different  seasons  also  the  same 
ferm  wiU  produce  different  qualities  of  buttec^^thue  it  is  said  that  cows 
which  are  pastured  yield  the  most  pleasant  butter  in  May,  when  the  first 
green  fodder  comesm — that  the  finest  flavouredis  given  by  cows  fed  upon 
Bpurrey  (Sprengel) — that  it  is  generally  the  hardest  when  the  anjiHal 
lives  upon  dry  Sod — and  that  autumn  butter  is  best  for  long  keesping. 


These  differences  may  all  be  ascribed  lo  varieties  or  natural  dilTerences 
in  tlie  paalure  or  fbdiier  upon  wliich  ihe  cow  is  fed^*  The  constitution  ol 
the  animal  also  is  known  to"  affect  the  quality  pf  the  butter— since  there 
are  some  animals  which  with  the  best  food  wtll  never  ^ve  first-rate  but- 

In  all  such  cases  as  these,  however,  the  quality  of  the  butter  is  almost 
entirely  dependeut  upon  that  of  the  milk  from  which  it  is  made,  so  t]iat 
whatever  affects  the  quality  of  the  milk  mugt  influence  also  that  of  the 
butter  prepared  from  it.  But  as  I  have  already  considered,  the  circum- 
stances by  which  th,e  quality  of  the  milk  is  principally,  modified  (p. 
53i\,  I  shall  not  further  advert  to  this,  subject  at  present. 

But  from  the  same  milk,  and  even  from  the  same  cream,  by  different 
niodes  of  procedure,  very  different  qualities  of  butter  may  he  obtained. 
The  mode  of  .making  or  extracting  butter,  therefore,  is  highly  worthy  of 
your  attention.  Let  us  consider  a  few  of  the  more  important  circum- 
stances uader  which  different  qualities  of  butter  may  be  extracted  from 
ihe  saitie.  quality  of  milk  or  cream. 

1".  First  and  second  dravm  miUc. — If  the  milk  be  collecte<l  in  two  or 
.three  BuccossivB  portions,  as  it  comes  from  the  cow,  we  have  already 
seen  (p.  536)i' that  the  last  drawn  portion  will  fe- much  richer  than,  that 
which  has  been  taken  first.  The  cre^m  yielded  by  it  will  also  be  richer, 
and'of  a  finer  and  higher  flavotu".  "Whetlier,  therefore, -the  butter  be  ex- 
tracted Airectly  from  the  whole  millt,  or  fiom  the  cream,  the  butter  ob- 
tained from  the  three  successive  portions  will  differ  in  "quality  almost  as 
rnuch  as  the  several  poMoos  of  milk  themselves. 

A  practical  application  of  thisfE^t  is  made  in  soine  of  the  Highland 
CQtmties  of. Scotland,  and  in  other  districts,  where  the  calves  are  allowed 
to  suck,  or  ape  fed  with,  the  first  half  of  the  milk  as  it  comes  from  the 
cow — the  latter  and  richest  half  only  being  reserved  for  dairy  purposes. 
.  This  second  milk  is  found  to  affbrd  an  exquisite  butter. 

2°..  First  and  aecond cream— rXa  like  maaner  the  first  cream  that  rises 
upon  any  milk  is  always  the  richest,  and  gives  the  finest  Savoured  but- 
ter. The  afiet-creamings  are  not  only  poorer  in  butter,  but  yield  it  of  a 
whiter  colour  and  of  inferior  quality. 

This  fact  again  is  well  understood,  and  has  been  long  practically  ap- 
plied iri  the  neighbourhood  of  Eppina;,  which  is  celebrated  for  the  excel- 
leuoe  of  its  butter.  .The  cream  of  the  first.  24  hours  is  set  aside  and 
churned  by  itself.  The  second  and  third  creams  produce  a  pale,-  less 
pleasant  butter,  which  always  sells  for  an  inferior  price.  Any  admix- 
ture of  the  afler-ereamings  Causes  a  corresponding  dimiotition  in  the  value 
■of  the  butter  produced..  To  produce  tte  most  exijuisite  butter  the  cream 
of  the  first  eight  hours  only  oUght  to  be  taken. 

3°.  Mode' of  creaming. — The  rapidity  with  which  cream  rises  to  the 
surface,  either  naturally  or  when  influenced  by  art,  affects  the  quality  of 
the  cream,  and  consequently  that  of  the  butter  maile  from  it.  In  warm 
weather  it  rises  more  quickly  than  in  cold,  and  more  quickly  still  when 
the  milk  is  heated,  as  in  the  preparation  of  clouted  cream.     The  butter 

.^The  inlluenee  ofthe  foort  ghen  in  tha  slaiL  and  of  Iha  plsnls  oaten  (n  H.e  psalure,  upon 
the  toloiu-  and  flavour  of  the  buller,  ia  famUiar  (o  aJt  praclical  men.  The  liirni|iy  Wale  nf 
the  baiter  In  wlnKr-fte  garlic  lastc  In  summer.  wh«e  Ihe  wllU  onion  srowa  in  Ihe  P^slurea 

Knnlaan  examples  of  lliis  kind. 
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(Bohemiau  butter)  obtained  from  sucb  cream — from  cream,  thus  rapidly 
brougln  to  the  surface — may  be  enpecied  to  differ  both  in  flavour,  in  con- 
sialency,  and  in  composition,  from  that  yielded  by  the  cream  of  the  same 
milk  vmen  allowed  to  rise  in  the  usual  manner. 

4°.  Souraesso/'ifte  cream.~For  the  production  of  the  best  butter  it  is 
necessary  that  the  cream  should  be  sutficienrly  sour  before  it  is  put  into 
the  churn.  Butter  made  from  sweet  cream  (not  clouted),  is  neither  good 
in  quality  nor  large  in  quantity,  and  longer  time  is  reqmred  in  churning. 
It  is  an  unprofitable  method  (Ballantyne). 

5°.  Qiiicktiess  m  ckurning. — The  more  quickly  milk  or  cream  is 
churned,  the  paler,  the  softer,  and  the  less  rich  the  butter.  Cream,  ac- 
cording to  Mr.  Ayton,  may  be  safely  churned  in  an  hour  and  a  half, 
while  milk  ought  to  obtain  from  two  to  three  hours.  The  churning 
onght  also  to  be  regular,  slower  in  warm,  weaflier  that  the  butter  may 
not  he  soft  and  white,  and  quicker  in  winter  thai  the  proper  temperature 
may  be  kept  up. 

Mr.  Blacker  has  lately  introduced  into  this  country  a  barrel-chum  in- 
vented by  a  Mr.  Talcourt,  which,  being  placed  in  a  trough  of  water  of 
the  proper  temperature,  readily  imparts  the  degree  of  heat  required  by 
the  milk  or  cream  without  the  necessity  of  adding  warm  water  to  the 
milk,  and  ckurng  the  lohole  in  ten  or  twelve  minuiea.  It  is  said  also  to 
give  a  larger  weight  of  butter  fram  the  same  quantity  of  milk.  If  the 
quality  be  really  as  good  by  this  quick  churning,  the  alleged  inferiority 
in  the  quality  of  butter  churned  quickly  in  the  common  churn  can  not 
be  due  to  the  mere  rapidity  of  churning  alone. 

6°.  Over-diuming — when  the  proceBs  of  churning  is  continued  after 
the  full  separation  of  the  butter,  it  loses  its  fine  yellowish,  waxy  ap- 
pearance, and  becomes  soft  and  light  coloured.  The  weight  of  the  butter, 
however,  is  said  to  be  considerably  increased ;  and  hence  tliat  in  Lan- 
cashire ovec-churning  is  frequently  practised  in  the  manulacture  of  fresh 
butter  for  immediate  sale  {Dr.  Traill.) 

7°,  Temperalure  of  the  milk  or  cream. — Much  also  depends  upon  tiie 
temperature  of  the  milk  or  cream  when  the  churning  is  oummenceil. 
Cream  when  put  into  the  chum  should  never  be  waimer  than  53°  to  55° 
F.  It  rises  during  the  churning  from  4°  to  10°  F.  above  its  original 
temperature.  When  the  whole  milk  is  churned,  tne  temperature  should 
be  raised  to  65°  F.,  which  is  best  done  by  pouring  in  hot  water  into  the 
churn  tokile  the  milk  is  kept  in  motion.* 

The  importance  of  attending  to  the  temperature  and  to  the  [[uicknejs 
of  churning,  when  the  best  quality  of  butter  is  required,  is  shown  by  ihe 
two  following  series  of  results  obtained  in  the  churning  of  cream  at  dif- 
ferent temperatures  and  with  different  degrees  of  rapidity. 

The  first  aeries  was  obtained  in  the  A.iigust  ar)i  September  of  1833,  by 
Dr.  Barclay  and  Mr.  Allan.  The  quantity  of  cream  churned  in  each 
experiment  was  15  wine  gallons,  weighing  fram  8  lbs.  to  &J-  lbs.  per  gal- 

Ballanlyne,  T^amaclientqf  (*8  SlgMmd  Seciely,  New  Sertei,  L,  p.  34.    Some  object  M 
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No     BEOln      gjjj  Churning  per  gallon  (lualily  oflhe  BaHer, 

1  50"  60"  4  I  15j  Very  bes;,  rich,  firm,  weU  tasted. 

2  65°  65°  Si  1  15i  Not  sensibly  superior  to  the  former. 

3  58°  67°  3  I  14  Good,  but  aofiec. 

4  60°  bS°  3  J  13}  Soft  and  spongy. 

6      66°        75°        21        1     lOi        Inferior  in  every  respect. 

The  lesultB  of  these  experiments  prescribe  the  temperature  .of  50  to  55" 
F.  for  the  cream  when  puE  iiito  the  chum,  and  from  33  to  4  hours  as  ilie 
most  eligible  for  produeiiigjbutter,  bolli  in  tlie  largest  quantity  and  of  the 
finest  quSlity.  Something,  however,appearstodepend  upon  the  quality 
of  the  cream;  since  the  iudicadonsof  the  next  series  of  experiToenls  dif- 
fer condderahly  from  the  above,  in  so  far  at  least  as  regards  the  kngtU 
of  time  expended  iE  churning. 

The  following  experiinenls  were  made  in  Edinburgh,  by  Mr.  Ballan 
tjTie,  between  June  and  August,  1825.  The  ijuantiiy  of  cream  he  used 
at  each  churning  was  8  wine  gallons— ^weighing  Bibs-  to  die  gallon,  ex- 
Icept  hat  of  the  ibtutli  experiment,  which  weighed  4  ounces  less. 

TempBlsluro,    Time  in   QuanHly  gf 


Orih*  Whenbiil^ 

ing. 

per  EelJon,                      Qunlily  of  the  butter. 

Hours. 

Ita  OB. 

56°F.  erp.' 

IS 

3     1       Inferior;  white  and  Softer  than  No.  3- 

53°        56° 

2 

S     0  i    The  flavour  and  quality  of  these  two 

53°        56 

3 

3     0  j        butters  tould  not  be  surpassed. 

65°        67° 

i 

1  I  >      Soft,  white,-and  milky. 

50°        53^° 

3 

2     US     Most  ejcellent.     High  in  flavour  and 

53i°      57S' 

Ij 

colour  and  solid  as  wax. 

To  oblain  butter  from  cream  therefore  both  flnesf  in  qualih"  and 
largest  in  quantii,y,  these  two  'jotips  of  expenmecis  prescribe  the  follow- 
ing temperatures  of  the  cream   inl.  times  m  the  churning  — 

First     ...     50°  to  56°  3|  to  4  hours 

Second      .     .     53^°  .  1|-  to  IJ     " 

In  the  temperature  both  agree.  It  is  probable  that  the  nature  of  the 
cream  obtained  at  different  seasons  or  in  different  localities  may  render 
a  longer  time  necessary  in  the  churning  on  some  occasions  or  in  some 
places  than  in  others.  Itis  certain  that  the  sourer  the  cream,  the  sooner 
generally  wUl  the  butter  come.* 

&".  dkumirtg  the  en-tire  milk. — It  is  in  connection  with  the  tempera- 
ture at  which  milk  and  cream,  may  respectively  he  best  and  most  eco- 
nomically churned,  that  the  chances  of  obtaininga  butter  of  good  quality 
dtevery  season  of  the  year  appear  to  be. greater  iwhen  the  whole  milk  is 
used;'  than  when  the  cteam  only  is  put  into  the  churn. 

Crfram,  when  the  churaing  commences,  should  not  be  warmer  than 
55?'E^. — milkought.to  be  raised  to  65=  F.  In  winter,  either  of  these  (era- 
peratures  may  he  eaaly  attained.     In  cold  weather  it  is  often  necessary 

■  In  sweet  cream,  when  the  tiuUer  la  long  in  comlna,  the  addition  of  a  little  yini^gei-,  brandy. 


10  adi-1  hot  water  lo  the  cceam  to  raise  it  even  to  55".  But  in 
and  pauecially  in  hot  weather,  it  is  difficult,  even  in  cool  and  well  o;- 
deted  dairies,  to  keep  tte  cream  down  to  this  comparatively  low  temper- 
ature. Hence  if  the  cream  be  then  churned,  a  second  rate  butter,  at  best, 
is  nil  (hat  can  be  obtained. 

Milk,  on  the  other  band,  requires  a  temperature  of  65° — ten  degrees 
higher  than  cream — and  therefore  neither  sumtner  nor  winter  weather 
materially  affects  the  ease  of  churning  it.  In  winter,  its  temperature  is 
raised  by  hot  water,. as  that  of  cream  is,  and  even  in  summer  there  can 
be  few  days  in  oiir  climate — where  the  milk  is  kept  in  a  well  contrived 
dairy — in  which  it  will  not  be  necessary  to  add  more  or  less  hot  water  in 
order  to  raise  the  milk  to  65°  F.  Thus,  where  the  entire  milk  is  chiiraed, 
the  same  regular  method  or  system  of  churning  can  be  carried  on  through- 
out the  whole  year.  No  difficulty  is  to  be  apprehended  from  the  state 
of  the  weather,  nor,  so  long  as  the  quality  of  the  milk  remains  the  same, 
is  there  reason  to  apprehend  any  change  in  the  quality  of  the  butter. 
The  winter  butteir  and  the  summer  butter  may  be  alike  firm,  finely  Bfl 
voured,  and  rich  in  colour. 

The  alleged  advantages  of  churning  the  entire  milk  rather  than  the 
cream  may  be  thus  stated : — ' 

a.  The  proper  teiaperature  can  be  readily  obtained,  both  in  winter  and 

b.  A  hundred  gallons  of  entire  milk  will  give  insumiher  five  percent, 
more  butter  than  the  cream  from  the  same  quantity  of  milk  wiD  give 
(Ballaotyue). 

e.  Butler  of  the  best  quality  cpi  be  obtained  without  difficulty  hpth 


d.  No  special  attention  to  ci 
any  time  required.     The  churning  ii 

e..  The  butter  is  not  only  of  the  best  quality  while  fresh,  but  is  also 
best  for  long  lieeping,  when  praperly  cured  or  salted  (Ballantyne). 

To  these  advantages  it  is  set  off,  that  except  in  the  ceighliourhood  of 
large  towns,,  the  butter-milk  is  of  little  value — while  from  the  skimmed- 
milk,  a  marketable  cheese  can  always  he  manufactured.  But  thisought 
to  be  no  objection,  where  churning  the  whole  milk  would  otherwise  be 
preferred,  since  it  is  little  more  difficult  to  make  cheese  from  the  sour 
butter-milk  than  from  the  sweet  skimmed-milk.  To  this  point  I  shall 
direct  your  attention  hereafter. 

9°.  CleatiiincM. — It  seems  alreiost  unnecessary  for  me  to  allude  to 
cleanliness  as  peculiarly  necessary  to  the  maniifacturB  of  good  butter. 
But  I  do  so  to  brine  under  your  notice  the  fact,  that  creann  is  remarkable 
for  the  rapidity  with  which  it  absorbs  and  becomes  tainted  by  any  un- 
pleasant odours.  It  is  very  necessary  thai  the  air  of  the  dairy  shoiild  be 
sweet,  thit  it  should  be  often  renewed,  and  that  it  should  be  open  in  no 
direction  from  which  bad  odours  can  come. 

§  13.   Oftkefdtty  substances  oftdkich.  butler  consists,  and  of  the  acid  of 

huiUr  (butyric  acid,)  and  the  capric  and  caproie  adds. 

1°.  Butter-fat. — I  have  already  mentioned  to  you  that  if  the  butter  ai 

it  is  taken  from  the  churn  be  melted  in  water  of  a  temperature  not  ex- 
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ceeding  180°  F.,  and  be  then  washed  wuh  repealed  portions  of  warm 
■water,  a  nearly  colourless  fluid  oil  isobtdned,  which,  if  not  Iranspar- 
ene,  becomes  so  when  tillered  throughpaper,  and  when  cool  congeals  ioto 
a  more  or  less  pure  white  solid  fac  If  this  fat  be  put  into  a  linen  eloth 
and  be  submitted  to  a  strong  pressure  in  a  hydraulic  or  otlier.presa  at  the 
temperature  of  60°  F.,  a.sUghtly  yellow,  transparent  oil  wiU  flow  oiit, 
and  a  solid  white  fat  will  rernain  behind  in  the  linen  cloth.  The  »>lid 
fat  is-known  to  chemists  by  the  natne  otmar^arine.  The  liquid  oil  is 
peculiar  to  butter,  at  least  it  has  not  hitherto  been  Ibund  in  any  othecsub' 
stance ;  it  is  therefore  called  the  oteine  of  butter,  or  simply  buiter-oH. 

Tbe  pure  fat  of  butter. consists  almost  entirely  of  diese  two  substances, 
diere  being  generally  present  in  it  only  a  small  quantity  of  certain  fuuy 
acids,  which  I  shall  presently  introduce  to  your  notice.  Thus  a  speci- 
men of  butter  made  in  the  month  of  May  gave  a  fat  which  was  found 
by  Bromeis  to  consist  of  about-^ 

Margarine 68  per  cent. 

Butter  oil 30         '■ 

Butyric,  caproic,  and  capric  acids     ....       2         " 

lo'o* 

But  the  proportion  of  the  solid  and  fluid  fats  in  butter  varies  very  much. 
[t  is  iarnihar  in  every  dairy  that  the  butler  is  harder  and  firmer  at 
one  time  and  with  one  mode  of  churning  than  with  another, — and  this 
greater  firmness  depends  rnainly  upon  the  presence  ol'the  solid  fat  (mar- ' 
gariite)  in  larger  proportion.  According  to  Braconnot,  summer  butter 
contains  much  more  of  .the  bv^ter-:pU  tlian  winter  butter  does;  and  he 
states  their  relative  proportions  in  these  two  seasons,  in  the  butter  of  the 
Vosges,  which  he  examined,  to  be  as  follows : — 

Margarine 40  65 


100  100 

Of  course  these  proportions  ^re  not  to  be  considered  as  constant.  In- 
iSoed,  the  proportion  of  oil  here  given  for  summer  bntler  is  much  greater 
than  in  the  butter  examined  by  Bromeis.  It  is  ])mbable,  therefore,  that 
the  relative  proportions  of  the  two  fats  are  affected  by  climate,  by  sea- 
son, by  (he  race,  the  fiiod,  and  [he  constitution  of  the  animal;  by  the  way 
in  which  the  butter  is  made,  by  the  manner  in  which  it  is  kept,  and  by 
other  circiunstances  not  hitherto  investigated.. 

2°.  Margarine- — This  solid  fat,  which  exists  so  largely  in  butter,  is 
also'the  solid  ingredient  in  oUve  oil,  and  in  goose  and  human  fat.  But- 
ter, therefore,  appears  to  be  a  rpost  natural  food  for  the  human  race,  since 
it  contains  so  large  a  proportion  of  one  of  those  substances  which  enter 
directly  into  the  constitution  of  the  human  frame. 

Margarine  is  white,  hard,  and  brittle,  and  melts  at  118°  F.  In  the 
pure  state  it  may  be  kept  for  a  length  of  time  without  undergoing  any 
sensible  change,  but  in  the  state  of  miKturein  which  it  exists  in  milk  ^pd 
butter  it  is  apt  to  absorb  oxygen  from  the  atmosphere, and  tube  partially 

■  Amuii,  da-  Clem,  and  Phar.,  ilii.,  p.  70. 
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changed  into  butter  oil,  and  into  one  or  other  of  those  fatty  acicis  which 
are  preseut  in.butter  in  smaller  quantity. 

3°.  Margaric  acid. — When  this  fat  (Hargaiine)  is  introduced  into  a 
hot  solution  of  caustic  potash,  it  readily  dieeoWes  ami  forms  a  soap.  If 
the  aolulion  of  this  soap  in  water  be  decomposed  bythe  addition  of  diluted 
sulphuric  acid  a  white  fatly  substance  separates,  which,  after  being  col- 
lected, dried,  and  dissolveiJ  in  liot  alcohol,  crystallizes  as  the  solution 
cools,  in  the  form  of  pearly  scales.  This  substance  is  known  by  the 
name  of  the  margaric  (or  pearly)  acid.  Margarine  consists  of  this  acid 
in  combinaiion  with  a  sweet  subataiice  Isnown  by  the  name  -of  glycerine, 
or  oil  sugar.* 

Margaric  acid  ia  represented  by  the  formula  34  C  +  34  H  +  4  O,  or 
Cai  Hii  Oi.     To  this  formula  it  will  be  necessary  in  a  few  minutes  to 

Butter  oil. — The  liquid  fat  expressed  from  butter  has  ihe  appearance 
of  an  oU,  sometimes  i^lourless,  but  often  tinged  of  a  yellow  colour.  It 
has  the  taste  and  smell  of  butter — mixes  readily  willi  alcohol,  and  be- 
comes soUd  when  cooled  down  to  32°  F. — tlie  freezing  point  of  water. 
It  dissolves  without  difficulty  in  a  solution  of  caustic  potash,  and  forms 

Acid  of  bntter-ml — oleic  acid  of  butter. — When  the  solution  of  the  oil 
in  caustic  potash  ia  diluted  with  much  water,  and  decomposed  by  the  ad- 
dition of  diluted  sulphuric  acid,  an  oily  substance  is  separated,  which  b 
diBerent  ftom  the  original  oil  of  butter,  possesses  acidpropertiea,  arid,  is 
known  by  the  name  of  the  oleic  odd  of  butter-  This  fatty  add  has 
never  hitherto  been  obtained  ftom  any  other  substance  than  the  oil  of 
biLiter,  and  the  oil  consists  of  the  add  in  combination  with  oil-sugar. 
You  will  recollect  that  margarine  conmsts  of  margaric  acid  in  combination 
with  the  same  su^  (p..  566.) 

aflermrds  rteoomiiosBiby  an  acW,  Ihoy  ara  resolved  reepective^— 
Margarine — \ialomargQric  acid  uiti  oil-sugar; 

BliI,  tot  Ihe  beneSt  of  my  chemical  rEadors  (mj  other  readers  will  please  to  pass  oim 

''so'-nial  Id  neotial  faUy  bodies,  snch  as  nwjari™,  Ihia  oilde  eilala  In  comblnallon 
wLlh  a  feiw  acid.    Thus,  for  effimple,  Ihat- 
Jacr^oW™  ooQsiais  of5'  "'' "'^'^"''' ^'"^ =  Cm  Hm  Oj 

Forming,  (ojelher,  i  of  margarine =CaiHssOS 

*"•'  *u(ftr-ri!  of  J  {  °[  o^aa^f  lipyle"?'    '.'.'.'.'.'.'.    =_(l3j£V 

Fi)rniUiB,logether,  lofbnller-oil =C3in!S05 

4°,  And  Ural  when  Ihis  ojilde  of  Jipylo  Is  separated  from  iU  combination  wllh  Ihe  falty 
acjds  U  unilea  wllh  a  ouanllB  of  w»lor,  and  forms  gljcerlneor  oil-aUEar.    Thus- 

a  ofosideoflipvis =  C6  m  OS  untied  10 

3  of  walet    . =        H3  03  give 


;i1.,  p.  Ml,]  ibat  a  known  subsiance  called  ncre/sin/exlBU : 


t,exMi  In  iMt  ^ 
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When  pure,  tliis  oily  ndd  is  colourless  and  transparent,  and  ii 
markahU  for  the  rapidiy  vntk  which  U  absorbs  oxygen  from  the  aii 
pkere,  and  becomes  convirted  into  new  chemical  compounds.     It  ia 
presented  by  the  formula  34C  +  3lH  -j-  60,  or  Csi  H31  Os. 
Let  us  compare  this  formula  vith  that  of  the  margaric  acid  : 
Margaric  acid      .,,,.=:  Cm  Hgj  O4 
Butter  oleic  acid      =  Cgi  H,hi  O5 


Difference +H3 — Oi 

or,  if  3  of  hydrogen  be  taUen  from  the  margaric  acid  and  1  of  osygen 
add^d  to  it,  it  will  l>e  converted  into  ttie  oleic  acid. 

Now  thfa  may  be  efiecied  by  simply  supposing  one  atom  of  margaric 
acid  10  absorb  four  atoms  of  oxygen  from  the  atmosphere.     Thus — 
i  of  margaric,  acid  ^  C31  Hm  O4 
4  of  oxygen     ,     ,   =:  '   O4 

r 1  of  oleic  aciii     +    3  of  water. 

CatHsiOs,  or  Cai  Hsi  Oe  +  3H0. 
So  that  either  in  the  body  of  the  animal,  in  the  milk  while  it  remains 
in  the  udder,,  or  wlien  it  is  exposed  to  the  air  after  being  drawn  from  tho 
cow,  or  even  in  the  churn  itself,  it  may  happen  that  a  portion  of  the 
margaric  ^cid  may  absorh  osygen  and  become  changed  into  the  oleic 
acid.  It  may  also  be  that  this. change,  this  absocption  of  oxygen,  is  pro- 
moted by  warm  and  retarded  by  cold  weather,  and  that  thus  the  butter 
is  rendered  generally  softer  in  the  summer  and  harder  in  the  winter 


as  yet  only  conjectures;   for,  afterall,  the  relative  pro- 
md  ha  '  -'  '■  '  -' — "  ■""" '      ■  ""  ■'  ■ 


portions  of  the  soft  and  hard  fat  in  btiHer  at  difterent  times  of  the  year 
may  depend  upon  natural  differences  in  the  herbage  at  the  several 
seasons,  or  upon  some  other  causes  which  have  not  as  yet  been  in 

5°.  Butyric,  capric,  and  caproic  acids. — These  substances,  as  I  have 
already  staled  to  you,  exist  in  buttwr  only  in  small  quantity — to  the 
amount  of  3  or  3  per  cent.  To  these  acids,  and  especially  to  the  capric 
and  caproic,  butter  owes  its  disagreeable  smell  when  it  becomes  rancid. 
They  do  not  exist,  naturally,  to  any  unpleasant  extent  in  perfectly  fresh 
butter — they  are  gradually  formed  in  it,  however,  when  fresh  butter 
is  exposed  to  the  mr.  I  do  not  enter  into  any  detail  of  their  proper- 
ties, or  of  the  mode  of  extracting  them  from  butter,  because  these  points 


y  aoid.    Thia  Borolein  Is  r, 
>fUllyle.     So  thai  Bccorrtlng 
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BTid,  by  H  like  snbElilslion  of  acrolein  for  oiids  of  llpyie,  ma;  Uie  cooatitulion  of  but(er-oll 

The  principal  knowD  facl  In  favour  of  Ihlavienorltedieobaclier  is,  Ihal^^hen  glycerine  Is 

IrtealbBel8niem»of3a«iniaofwalerVmgiy^"ii%,™™W'acroVl"':''aln^^^^ 
I  of  glycerine    .    .    .    .    .    .    .    .    =  04  H7  OS  we  lake 

3  of  vraler =        lis  Oa 


are  of  lera  interest  or  importance  to  you.  It  is  necessary  only,  to  a 
clear  uoderstandlng  of  the  iiind  of  changes  which  take  place  when  hotter 
hecomes  rancid,  that  I  should  exhibit  to  you  the  formulie  by  which  these 
aciij  bodies  are  severally  represented  : — 

Butyric  acid  =  Cg    Hg    O4 

Caproicacid  ^  Cia  He    O3 

Capric  acid    =  Gia  H14  Oj 
We  siiall  see  how  thpse  substances  are  produced  from  the  solid  and 
fluid  ial3  of  butter,  when  we  come  to  treat  of  lljepreservaiion  of  buiter. 

§  14.   Of  casein  or  tits  curd  of  miUc  and  its  properties. 

The  casein  or  cheesy  matter  of  milk  may  be  obtained  nearly  pure  by 
the  fnllowiog  process : — Hent  a  quantity  of  railli  which  has  stood  for'5 
or  6  hours,  as  if  you  intended  to  prepare  clouted,  cream,  (p.  548),  let  it 
cool^  and  separate  tlia  cream  completely-  Add  now  to  the  miilt  a  litfle 
vinegar  and  heat  it  gentiy.  The  whqle  willcoagiilate,  and  the  curd  wiU 
separate.  Pour  off  the  whey,  and  wash  the  curd  well  by  kneading  it 
with  repeated  portions  of  wkter.  When  pressed  and  dried,  this  will  be 
casein  sufficiently  pure  for  ordinary  purposes.  It  may  be  made  slili 
more  pure  by  dissolving  it  in  a  weak  solution  of  carbonate  of  soda,  al- 
lowing the  solution  to  stand  for  12  hours  in  a  shallow  vessel,  separating 
any  cream  tiiat  may  rise  to  the  surface,  again  throwing  down  the  curd 
by  vinegar,  washing  it  frequently,  and  occasionally  boiling  it'with  pure 
water. ,  By  repeating;  th'"  process-two  or  three  tiin.es,  it  may  be  obtained 
almost  enUrely  free  irom  the  fatty  and  saline  matters  of  the  milk. 

Casein  thus  prepared  reddens  vegetable  blues,  and  is  therefore  a 
slightly  acid  substance.  It  is  very  sparingly  soluble  in  water — 400  lbs. 
of  cold  water  dissolving  only  1  lb.  of  purs  casein  (Rochleder).  It  dis- 
solves readily,  however,  and  in  large  quantity,, in  a  weak  solution  of  the 
carbonate  of  potasli  or  of  soda,  and  to  some  extent  even  in  lime-water. 
These  solutions  are  coagulated  by  the  addition  of  an  acid — of  sulphuric 
acid,  of  vinegar,  or  of  lactic  acid — and  the  curd  readily  separateson  the 
application  of  a  gentle  heat.  If  a  large  quantity  of  acid  be  added,  a  por- 
tion of  the  casein  is  re-dissolved.  This  property  of  dissolving  in  weaft 
alcaline  (potash  or  soda)  solutioos,  satisfactorily  eKplains  what  takes 
place  ducins  the  curdling  of  milk,  as  we  shall  hereafter  see  (p.  567). 

The  casein  of  mUU  is  identical  in  chemical  constitution  with  the  fibnn 
of  wheat,  the  legumin  of  the  pea  and  bean,*  and  the  albumen  of  the 
egg  or  of  vegetable  substances.  Hence  the  opinion  has  naturally  arisen 
among  eheimsts,  that  the  cheesy  matter  eoniained  in  an  animal's  milk  is 
derived  directly,  and  without  change,  from  the  food  on  which  it  lives. 
The  probability  of  this  opinion  will  come  naturally  ulider  our  consideraj- 
tion  in  the  following  lecture.  (See  next  lecture,  "  On  the  feeding  of 
stock." ) 

Casein  possesses  still  one  property  more  remarkable  than  any  of  its 

■In  page  3M  11  is  slntari.  on  thoemhorily  of  Dumas,  Ihsllhelegaminof  Iheptaadd  bean 
illSsmia  comuDBUion  from  (thrin  anil  etbniitan  S'laee  thai  sheet  wna  published,  il  a.jipearB, 
from  Ihe  exparlmenls  of  Roohlerter  (ftnnal.  det  Chem.  .und  Phann.,  ilvi.,  p.  IfiE),  IIhiiIxb 

Ihal  Ihslcgumiii  of  peas  *)Sj  agrea  In  eomposiiAiniiilh  Uie  eBselo-of  mllki ,    .. ;  iCtIXI'J  Ic 


others,  and   esceedingly  iniereatiDg  to  the  practical  agriculturist.     Let 
me  esplaiu  tliia  property  a  litlla  more  in  detail. 

§15.  Of  the  relations  of  casein  to  the  sugars  and  the  fats, 
1°.  Relation  to  the  sugars.~^-a.  ProduclUm  of  lactic  acid. — I  have 
already  advened  (p.  543)  to  the  remarkable  property  which  casein  pos- 
Besses  of  gradually  conTerting  milk  or  other  su^rs  loto  lactic  acid.  If 
a  small  quantity  e''  this  Bubstance,  either  itithe  slate  of  fresh  curd  or  iu 
the  purer  ibrm  jusi  iescribed,  be  introduced  into  a  solution  of  cane-sugar, 
or  of  sugar  of  milk,  lactic  acid  begins  very  soon  to  be  formed.  Thus 
the  casein  it  contains  is  the  caue«  of  the  souring  of  mUk.  In  like  man- 
ner it  is  the  casein  contained  in  bean  or  pea-meal  which  makes  it  so 
soon  become  sour  when  mixed  with  water. 

h.  Production  of  butyric  acid- — But  the  transforming  action  of  casein 
dooa  not  end  when  this  change  is  produced.  After  a  longer  lime  a 
further  alteration  is  effected  by  its  means.  A  fermentation  commences, 
during  -Iwhich  carbonic  acid  and  pure  hydmgen  gases  are  given  off,  and 
buiync  acid  is  produced  (Pelouze  and  Gelis).  Let  us  consider  the 
nature  of  this  new  cliangc- 

Butyric  acid  is  represented  by  Cs  Hs  O4  ;  and  lactic  acid,  as  wehave 
seen,  by  Cs  He  Oe  ;  therefore— 

4  of  lactic  acid =:  Ca4  H24  O31  and 

3  of  butyric  acid =€24  Ha4  O12 

Difference Oi2 

That  is  to  say,  chat  i  of  lactic  acid,  in  order  10  be  converted  into  3  of 
butyric  acid,  must  give  off  12  of  oxygen.  But  during  the  fermentation 
which  accompanies  the  change  no  oxygen  is  given  off".  The  gases 
which  escape  are  carbonic  acid  and  hydrogen.  The  oxygen  given  uff 
by  one  portion  of  the  lactic  acid,  therefore,  mnst  combine  wiih  the  ele- 
ments of  another  portion,  and  convert  it  into  these  gases.  Thus  (0 — 
I5  of  lactic  acid  .  .  =  Cg  Hg  O9 
Add  19  of  oxygen   .     .     ^  O13 , 

And  we  have  .  .  .  C9  H9  Ogi  ^  90  6a  -f-  6^"+  3  HO; 
or,  while  4  atoms  of  lactic  acid  are  conveited  into  3  of  butyric  acid,  .1^ 
of  lactic  acid  are  at  the  same  time  converted  into  9  of  carbonic  acid  gas, 
6  of  hydrogen  gas,  and  3  of  water.  The  gases  escape  and  cause  (he  fer- 
'"  1,  while  the  water  remains  in  the  solution.* 


gliBP  off  i3  aEnsihly  one-third  of  Ihe  hulk  o^  Ihe  Qatbonic  w;,d  when  Uie  buljrk  fermenla. 
QoD  IB  in  iU  gigoar.  To  aslisry  this  coDdition,  Iherefore,  much  hleher  numbers  must  bs 
taken ;  such  as  the  foUowIng  ;— 

20-or  laclJB  acid       ^Gi'joHlmOijo  are  eonverredinLo 

IG  DtbulyriearJd     .....    =CIB>lii..D  Ogo 

Givlngoff =  O90 

And  Ihese  00  of  ojjgflu  decompose  6  nf  laclic  Bcid,  aa  above  described.    Tiiua  to— 

fioflacHc CseHaaiiaa 

Add  60  of  oxygen     .    .  Oeo 

Atid  we  ha™    .   .   CSS  ux  osj  ^'aecoj  """^  +        js£  "'*"  +        "^o. 


The  Dulyric  acid  thus  produced  is  a  colourless  transparent  volatile 
liquid,  which,  emits  A  mingled  odour  of  viaegar  and  of  rancid  huiler. 
To  the  production  and  presence  of  this  acid,  therefore,  in  the  milk  or 
cream  or  in  the  manufactured  butter,  the  rancidjty  of  this  important 
dairy  product  is  partly  to  be  ascribed.  . 

2°.  Relation  to  Ihe  fall'!;  bodies. — It  is. probable  that  in  certain  cir- 
cumstances the-caaein  of  milk  is  capable  of  inducing  chemical  changes 
in  the  fatty  bodies  as  well  as  in  the  sugars,  but  this  conjecture  has  not, 
as  yet,  been  verified  by  rigorous  expeiimental  investigation. 

3".  Relation  to  fats  am  sugars  mixed. — It  is  known,  however,  to  act 
HpOD  fatty  bodies  when.mised  witli'  sugar.  Thus,  if  a  small  quantity 
«F  „^^^;^  ka  a/i,io,i  .n  •  a  solution  of  sugar,  lactic  acid  is  produced  for  a 


certain  length  of  time,  but  it  ceased  to  be  sensibly  formed  l>efore  the 
whole  of  the'  sugar  is  transformed  into  this  acid.  If  now  a  quantity  of 
oily  matter  be  added  lo  the  mixture,  (he  production  of  lactic  acid  will  ro- 


I.  and  may  rjjntinue  till  all  llie  sugar  is  changed, 
sugar  be  added  by  degrees,  the  formation  of  acid  will  go  on  again,  and, 
after  a  while,  will  cease.'  The  introduction  of  a  little  more  oil  will  again 
give'rise  to  the  production  of  acid,  and,  at  length,  the  acid  will  cease  to 
he  formed,  while  %oth  sugar  and  oil  are  present.  The  casein  originally 
added  has  now  produced  its  full  effect  { Lehmann). 

It  appears,  therefore,  that  in  the  presence  oP  sugar,  casein  is  capable 
of  changing  or  decomposing  the  fatly  bodies  also,  and  of  giviiig  blrtli  to 
oily  acids  of  various  kinds.  Now,  in  gjilk,  in  cream,  and  in  butter,  the 
casein  is  niised'with  the  sugar  of  ihe  milk  and  the  fats  of  the  butter,  and 
thtts  is  in  a.cdndition  for  ehangiug  at  one  and  the  same  lime  both  the 
sugar  into  lactic  or  butyric  aQiQ,  and  the  butter  into  other  acids  of  a 
fatty  kind.  Among  those  lH.tter  iiito  which-  the  biitter-oU  is  convertible 
may  probably,  be  reckoned  the  capric  and  caproic  acids,  Tvbich  ate  still 
more  unpleasant  to  the  smell  and  taste  than  the  butyric  acid,  and  whicli 
are  known  to  be  present  in  rancid  hutter- 

§  16.   Of  the  rancidily  and  preservation  of  butler. 

We  are  now  prepared,  in  some  measure,  to  understand  the  changes 

that  take  place  when  butter  becomes  rancid — an<l  the  ivay  in  which  tlioae 

substances  act  which  are  usually  employed  for  preserving  it  in  a  sweot 

siod  nattiral  state. 

1°.  When  butter  becomes  rancid,  there  are  two  substances  whic>i 
changeT-^tlie  fatty  matters  aiid  the  milk  sugar  with  which  they  are  mixed. 
There  are  also  two  agencies  by  which  these  changes  are  induced — the 
casein  present  in  butter,  and  the  oxygen  of  the  atmosphere.  The  quantity 
of  casein  or  cheesy  matter  which  butter  wsually  contains  Is  very  small, 
but,  as  we'havo  seen,  ii  is  the  singular  properly  of  this  sulistance  to  in- 
duce chemical  changes  of  a  very  remaiiaWekind,  upon  other  compound 
bodies,  even  when  rnised  with  them  in  very  minute  quantity. 

2°.  As  it  comes  fVom  the  cow,  this  substauce,  casein,  produces  no 
change  on  the  sugar  or  dn  the  fatty  matters  of  the  milk.     But  after  a 

Irulj  bo*  butyric  acid  may  be  pmdiiced  from  wclic  acid  ander  Ihe  circumsfuitcca,  yet 
other  sub3laiuM}9  are  ngt  untVequenLly  fonaod  during  Ihe  aotual  exporimeiit,  by  which  the 
result  Is  more  or  less  oompUcaicd.  ^      ^^  OoOqIc 
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short  exposure  to  the  air  it  altera  in  some  degree,  and  acquires  tlie  power 
of  tranarorming  milk  sugar  into  lactic  acid.  Hence,  as  wo  haYC  seen,  the 
milk  l)egins  speedily  to  be^me  soul.  Further  changes  follow,  and, 
among  other  substances,  butyric  acid  is  formed. 

In  butler  the  same  ohsngesttdie  place;  The  casein  alters  the  sugai 
and  the  fatty  matters,  producing  the  butyric  and  other  acids,  to  which  its 
rancid  taste  and  smell  are  lo  be  ascribed. 

In  the  manu&cture  of  butter,  therefore,  it  is  of  conseqaenee  to  free  it  as 
completely  as  possible  from  the  curd  and  sugar  of  milk. .  This  is  done 
in  soiae  dairies  by  kneading  and  pressing  only ;  in  others,  by  washing 
with  cold  water  as  long  as  tiie  latter  comes  ofl' milky.  The  washing 
must  be  the  most  effective  method,  and  i  "  '    ' 

for  butter  that  is  to  be 
fully  abstained  from,  i 
keeping. 

There  are  two  circumstances  which,  in  the  ease  of  butter  that  is 


be  fitted  to  promote  the  future  decomposition  of  the  butter, 
says  that  the  water  ought  to  contain  as  little  lima  as  possible, 
(he  butler  retains  the  lime  and  acquires  abad  laate  from  it. 

But  the  water  may  also  contain  organic  substances  in  solution — Vege- 
table or  animal  matters  not  visible  perhaps,  yet  usually  present  even  iu 
spring  water.  These  the  butler  is  sure  to  extract,  and  they  may  mate- 
rially contribute  to  its  after-decay,  and  to  the  difficulty  of  preserving  it 
from  randdity. 

Again,.the  washing  with  water  exposes  the  particles  of  the  butter. to 
the  action  of  the  oxvgen  of  the  alraosphere  much  more  than  when  the 
butter  is  merely  well  squeezed.  The  effect  of  this  oxygen,  ;in  altering 
either  the  fetty  matters  themselves  or  the  small  quantity  of  casein  which 
remains  mixed  with  them,  may,  no  doubt,  conlribule  lo  render  some  but- 
lers more  ausceptihie  of  decay. 

3°.  But  the  casein,  after  it  has  been  a  still  longer  time  or  more  fully 
exposed  to  the  air,  undergoeis  a  second  alteration,  by  which  its  tendency 
TO  transform  the  substances  with  which  it  may  be  in  contact,  is  consi- 
derably increased.  It  acquires  the  property  also  of  inducing  chemical 
changes  of  anglher  kind,  and  ii  is  not  improbable  that  tlie  more  un- 
pleasant smelling  caprie  and  caproic  acids  may  he  produced  during  this 
period  of  its  action. 

In  the  preservation  of  butter,  therefore,  for  a  length  of  time,  it  ia  of 
indispensable  necessity  ihat  the  air  should  be  excluded  from  it  as  com- 
pletely as  possible.  In  butter  that  ia  to  be  salted  alao,  it  is  obvious  that 
the  sooner  the  aalt  js  applied  and  the  whole  packed  cloae,  the  better  and 
sweeter  the  butter  is  likely  to  remain. 

4°.  The  action  of  tliis  cheesy  matter,  and  its  tendency  to  decay,  are 
arrested  or  greatly  retarded  by  the  presence  of  sa(«ra(erf  solutions  of  cer- 
tain saline  and  other  substances.  Of  this  kind  is  common  salt,  which  is 
most  usually  employed  for  Ihe  purpose  of  preserving  butter.  Saltpetre, 
also,  possesses  this  property  in  a  less  degree,  and  is  said  to  imparl  to  the 
butter  an  agreeable'  flavour.  A  syrup  or  strong  solution  of  sugar  wJI! 
likewise  prevent  both  meat  and  butter  from  becoming  rancid.     Iiike  salt- 


petre,  however,  it  ia  seldom  used  alone,  but  it  is  not 

ploy  a  mixture  of  common  salt,  saltpetre,  and  sugar,  t ^ 

of  butler.     Where  the  butter  has  been  washed,  this  admixture  of  c 
sugar  may  supply  tlie  place  of  ihe  nj  ilk -sugar  which  the  butter,  originally, 
contained,  and  may  impart  to  it  a  sweeter  laate. 

The  salt  should  be  as  pure  as  possible,  as  free,  at  least,  from  lime  and 
magnesia  as  it  can  be  obtained,  since  these  substances  are  apt  to  give 
it  a;  bitter  or  other  disagreeable  taste.  It  is  easy,  however,  to  purify  the 
common  salt  of  the  shops  from  these  impurities  by  pouring  a  coiiple  of 
quarts  of  boiling  watef  upon  a  stone  or  two  of  salt,  Hirring  the  whole 
well  about,  now  and  then,  for  a  eouple  of  hours,  and  afterwaiBs  straining 
it  through  a  clean  cloth.  The  water  which  runs  through  is  a  saturated 
solution  of  salt,  and  contains  all  the  impurities,  but  may  be  used  forcotn- 
mon  culinary  purposes  or  may  be  mixed  with  the  food  of  the  cattle. 
The  salt  which  remains  on  the  cloth  is  free  from  the  soluble  salts  of  lime 
and  magnesia,  and  may  be  hurig  up  in  (he  cloth  till  it  is  dry  enough  to 
be  used  for  mixing  with  the  butter  or  with  cheese. 

The  quantity  of  salt  usually  employed  is  from^^th  (o  ^th  part  of  the 
weight  of  the  butter^— with  which  it  ought  to  be  well  and  thoroughly  in- 
corporated. The  first  sensible  eSect  of  the  salt  is  to  make  the  butter 
shrink  and  diminish  in  bulk.  It  becomes  more  solid  aud  squeezes  out  a 
portion  of  the  water — with  which  part  of  the  salt  also  flows  away.  It  is 
not  known  that  the  casein  actually  combines,  with  the  salt,  nor,  if  it  did, 
considering  the  very  smai!  quantity  of  this 'substance  which  is  present  in 
butter,  could  much  salt  be  required  for  this  purpose.  But  the  points  to 
attend  to  in  the  salting  of  butter  are  to  take  care  that  all  the  water  which 
remains  in  the  butter  shall  he  fully  sdtarated  idth  salt — that  is  to  say, 
shalj  liave  dissolved  as  much  as  it  can  possibly  take  up — and  that  in  no 
paij  of  the  butter  shall  there  be  a  particle  of  cheesy  matter  wliich  Is  not 
also 'in  contact  witji  salt.  If  you  exclude  the"air,  the  presence  of  a  sat- 
urated solution  of  salt  will  not  only  preserve  (his  cheesy  matter  from  it- 
self undergoing  decay,  but  will  render  it  unable  also  to  induce  decay  in 
the  sugar  and  fat  which  are  in  contact  with  it.* 

It  is  really  extraordinary  that  such  rigid  precautions  shouM  be  neces- 
sary to  prev^ntthe  evil  influence  of  half  a  pound  of  cheesy  niaKer,or  less, 
iQ  a  hundred  pounds  of  butter  (p.  651). 

5°.  Though  the  curd  ot  casein  appears  to  be  the  enemy  against  whoso 
secret  machinations  the  dairy  farmer  has  chiefly  to  guard,  yet  the  oxygen 
of  the  atmosphere  is  a  second  agent  by  which  the  fatty  matters  of  butter 
are  hable  to  be  brought  into  a  state  of  decomposition,  and  the  presence 
of  which,  therefore,  should  be  excluded  as  carefully  as  possible. 

We  have  seen  that  by  the  action  of  oxygen  the  solid  nlargarie  acid  of 
butter  may  be  changed  into  the  oleic  or  lii^nid  acid  o£  butter  (p.  560.) 

30  oows,  near  Edinburgh  ^"TSa  huller  Is  drawn  warm  from  Ihe  churn.aail  lllsan  invsrl- 
able  rule  never  to  aoeh  it  or  ^  il  into  water,  uA#n  iniended  to  bs  Bailed,  The  daLrynofd 
purs  EC  Into  a  clean  lutt,  which  is  previouelj  well  ripaed  with  'cold  water,  snd  Lhen  wnrk?  It 

of  tturL^^SS!  \™  then  pscliedTnro  klta^'w^li,  wbe^^fa^^ilaali  ^'well^c^^l'u" 
and  placed  In  a  cool  drj  sto(e-a  small  quanlitj  of  eslt  le  mnsilj  aprmKle^wi-thatiii-racB. 
Tbs  pFopaitlon  or  aalt  used  at  Ihla.datiTis  halfa-pound  (o  l()UH^I:pdtlflda'UUilu."— 


This  is  tho  first  slage  in  tlie  decomposltian,  which,  when  onoe  begun, 
generally  spreada  or  extends  with  increasing  rapidity.* 

Again,  I  have  also  stated  that  this  fluid  (oleic)  acid  of  butter  absorbs 
onygen  with  great  lanidity  from  the  aii  (p-  560),  and  changes  rapidly  into 
other  compounds.  This  is  the  second  stege,  and  is  succeeded  by  others^ 
which  it,is  unnecessary  to  enumerate. 

To  this  action  of  the  aif  is  partly  to  be  ascribed  that  pecnliarkind  of 
rancidity,  wliich,  without  penetrating  into  tlie  interior  of  well  packed 
hotter,  IS  yet  perceptible  on  its  external  surface,  wherever  the  jur  has 
come  in  contact  with  it.  A  knowledge  of  this  action  of  the  atmosphere, 
therefore,  urges  strongly  the  necessityof  closely  incorporating  and  knead- 
ing together  the  butter  in  the  cask  or  firkin — tliat  no  air  holes  or  openings 
for  air  be  left — that  the  cask  itself  be  not  only  water-tight  but  mr-tight — 
and  that  it  should  never  be  finally  closed  till  the  butter  has  shrunk  in  aw 
far  as  it  is  likely  to  do,  ,and  tintil  the  vacancies,  which  may  have 
arisen  between  the  butter  and  the  cask,  have  been  carefully  filled  up 
again. 

§  17.   Of  the  natural  and  artificial  curdling  of  milk. 

When  milk  is  left  to  itself  for  a  certain  length  of  time  it  becomes  Sour 
and  curdles.  The  curd  and  whey,  however,  do  not  readily  separate  un- 
less a  gentle  heat  be  applied,  when  the  curd  contracts  in  bulk,  and  either 
sq^ueezes  out  and  floats  upon  the  whey,  or,  when  cut  into  pieces  or  placed 
in  a  perforated  cheese-vat,  allows  the  whey  freely  to  flow  from  it.  If 
the  mixed  curd  and  whey  from  the  entire  milk  he  "allowed  to  simmEr  for 
a  length  of  time  at  a  slow  fire,  the  buttery  part  will  separate  from  the 
cheese,  and  will  float  on  the  top  in  the  form  of  a  fluid  oU. 

1°.  Natural  eurdling. — The  natural  curdling  of  jnilk-is  produced  by 
the  lactic  add,  which,  as  we  have  seen  (p.  644),  is  always  formed  from 
the  milk-sugar  when  milk  is  allowed  to  stand  for  any  len^h  of  time  in 
the  air.  It  doesnotcurdle  immediately  upon  becoming  sour,  forareason 
■which  I  shall  presently  explain. 

2°.  Artificial  curdting. — But  it  is  not  usual  in  the  manufacture  of 
cheese  to  allow  the  milk  to  sour  and  curdle  of  its  own  accord.  The  pro- 
cess is  generally  hastened  by  the  artificial  addition  of  acid,  or  of  some 
substance,  such  as  rennet,  by  which  the  natural  production  of  acid  ia  ac^ 
oelerated.  Almost  any  aci^  substance  wiU  have  the  eflect  of  curdling 
mUk.  iMnriatic  bsM  (stririt  of  salt),  diluted  with  water,  is  saiii  to  be  ex- 
ly,  though  not  universally,  employed  in  Holland  for  this  pur- 
Inc- 


pose.     In  other  countries  vinegar,}  tartaric  acid,  lemon  juice, 

oonlflolwUh  brine— whether  il  ef er  bccomea  ?erj  aenslbl/  harder.  ■^'^TbIIow,  aa  S' well 
known  lo  csndle-nialiers,  anil  ee^cially  Id  the  manufaeturere  o(  stearin  caadles,  beeomes 

Iherelbre,  is  Dotlni^ailblBDaihiBxpllcabralntHilteT  afw-.-only  incerer  do  Laka'place,  we 
ahouM  expecL  the  cJun^d  baLtsr  to  ba  len  solid  and  den  sa  Ibaiy  before, 
t  "Tu  coagulate  a  ralyia  of  milk  ws  adds  cualAia  n!  sweet  vines^i"  (Waswria^s).    Milk 

_fianmiila  mil  linjuto).   The  Tuscan  ewe-cbeeac  ja  curdled  with  Ihe  jaice  cf  ihe  /resft,  ai 
"with  i  decocllon  of  lbs  drted  aoweraof  Ihe  wild  ihiaile,  or  with  Iho  flowara  of  the  arUchoko, 
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tartar,  and  salt  cf  sorrel  haVe  been  oceaslonally  used,  and  in  Swilzerland 
— 'Bspeijially  in  the  manufacture  of  the  sckabzieger  cheese — it  is  cus- 
tomary to  add  merely  a  little  sour  milk  for  the  purpose  of  producing  the 

3°.   Ckemical  action  of  Ike  and. — But  how  does  the  acid  act  in  causing 
the   milk  to  curdle,  and  why  is  it  necessary  to  ^low  a  little  lime  to 
'  !o  apply  also  a  gentle  heat  before  (he  curd  will  completely 


In  regard  to  casein  or  the  cheesy  matter  of  milk,  we  have  seen  (p. 
5G1)— 

a.  That  though  nearly  insoluble  in  pure  water,  it  dissolves  readily  in 
water  containing  in  solution  a  small  quantity  of  [otash  or  soda,  either  in 
the  caustic  or  carbonated  state.  In  other  words  the  casein,  which  is  ail 
acid  substance,  unites  chemically  widi  the  potash  or  the  soda,  saAforms 
a  compound  vihick  U  soluble  in  tealer. 

b.  That  when  an  acid  is  added  to  this  solution,  it  takes  the  potash  or 
soda  from  the  casein  and  conlbines  with  it,  leaving  the  curd  again  in  its 
original  insoluble  state,  aad  causiag  it,  therefore,  to  separate  from  the 

Now  in  milk,  as  it  coraes  from  the  cow,  (he  casein  is  in  chemical 
combination  with  a  small  quantity  of  soda,  by  which  it  is  rendered  so- 
luble in  the  water  of  which  the  milk  chiefly  consists.  Wlien  the  milk 
stands  for  a  time  in  the  air,  the  sugar  of  milk,  as  we  have  seen,  is  Irjins- 
formed'  into  lactic  acid — this  acid  takes  the  soda  from  the  Eaaein,  and 
forms  lactate  of  soda, '&nS  the  cheesy  matter,  in  consequence,  being  itself 
insoluble  in  water,  separates  in  the  form  of  curd.  The  application  of  a 
gentle  heat  acts  in  two  ways.  Itaids  the  aeiti  in  more  completely  taking 
the  soda  from  the  casein,  and  causes  the  latter  at  tlie  same  time  to 
shrink  in,  to'become  less  bulky,  and  thus  to  separate  readily  from  the 

If  we  add  an  acid  artiHoially  to  milk,  the  eflect  is  exactly  the  same. 
Either  inuriatie  acid,  or  tartaric  acid,  or  vinegar,  or  sour  milk,  will,  in  the 
same  way,  rake  the  soda  from  (he  casein,  and  render  it  insoluble.  And 
that  this  is  the  true  action  is  realily  proved  by  adding  a  little  soda  to 
curdled  miUi,  when  the  ourti  will  be  re-dissolved,  and  the  inilk  will  be- 
come sweet.  Add  acid  to  it  now,  or  let  it  sour  natturally  a  second  time, 
and  the  curd  will  'again  be  separated. 

The  action  of  rennet  is  in  some  degree  diSerent,  (hough  no  less  simple 
and  beautiful.  Let  us  first,  however,  consider  what  rennet  is,  and  how. 
il:  is  prepared. 

5  18.  Of  Ike  preparation  of  rennet. 

ilennet  is  prepared  ftoni  the  sailed  stomach  or  intestines  of  the  suck- 
ling calf,  the  unweaned  lamb,  the  young  kid,  or  the  young  pig.*  In 
general,  however,  the  stomach  of  (he  calf  is  preferred,  aiiii  (here  are 
various  ways  of  curing  and  preserving  it. 

1°.  Preparing  the  stomach. — The  stomach  of  the  newly  killed  animal 
contains  a  quantity  of  curd  derived  &om  the  milk  on  which  it  has  been 
fed.     In  most  districts  (Switzerland,  Gloucester,  Cheshire)  it  is  usual  to 

'  Dried  pig's  hlndder  Is  a<laa  ainp1o;sil  instead  of  llie  dried  kid's  stoniash  forciirdilng  Ihe 


remove  by  a  gentle  washing  the  curd  aiiJ  eiimy  matters  which  are  pre- 
sent in  the  stomach,  as  they  are  supposed  to  impart  a  strong  taste  to  the 
sheese.  In  Cheshire  tlie  curd  is  freqiwntly  salted  separately  for  imme- 
diate tise.  In  Ayrshire  and  Liinhurg,  on  the  other  hand,  the  curd  is 
always  left  in  the  stomach  and  salted  along  with  it.  Some  even  give 
the  calf  a  copious  draught  of  milk  shortly  hefore  it  is  Idlled,  in  order  that 
ilie  stomach  may  contaia  a  larger  (juantity  of  the  valuable  curd. 

2°.  Salting  the  stomach.— la  the  mode  of  salting  the  siomach  similar 
differences  prevail.  Some  merely  put  a  few  handfuls  of  salt  into  and 
around  it,  then  roll  it  together,  and  hang  it  near  the  chimney  to  dry. 
Oihers  salt  it  in  a  pickle,  for  a  few  days,  and  then  hang  it  up  to  dry 
(Gloucester),  while  others  agam  (Cheshire)  pack  several  of  them  in 
layers  with  much  salt  both  within  and  without,  and  preserve  them  in  a 
cool  place  till  the  cheese-making  season  of  the  following  year.  '  They 
are  then  taken  out,  drained  from  the  h[ine,  spread  upon  a  table,  sprinkled 
with  salt  which  is  rolled  in  with  a  woodeij  roller,  and  then  hung  up  to 
dry.  In  some  foreign  coanlries,  again,  the  recent  stomach  is  minced  very 
fine,  mixed  with  some  spoonfuls  of  salt  and  bread-crumb  info  a  paste, 
put  into  a  bladder,  and  then  dried.  In  Lombardy  the  stomach,  afl^er 
being  salted  ancJ  dried,  is  minced  and  mixed  up  with  salt,  pepper,  and  a 
little  whey  or  water  into  a  paste,  which  is  preserved  for  use.  [Cattaneo, 
II  latte  e  i  suoi  prodotti,  p.  204.] 

Iq  whatever  way  the  stomach  or  intestine  of  the  calf  is  prepared  and 
preserved,  the  almost  Dniversal  opinion  seems  to  he,  that  it  should  be 
kept  for  10  or  IS  months  before  it  is  capable  of  yielding  the  best  and 
strongest  rennet.  If  newer  than  12  months,  the  rennet  is  thought  in 
Gloucestershire  "  to  matte  the  cheeses  heave  or  swell,  aniJ  become  full 
of  eyes  or  holes."-  [British  Husttandry,  iL,  p.  420.] 

3°.  Making  ffte  rennet. — In"  making  the  rennet  different  cusIohis  also 
prevail.  '  In  some  district^  as  in  Cheshire,  a  bit  of  the  dried  stomach  is 
put  into  half  a  pint  of  lukewatm  water  with  as  much  salt  as  will  lie 
upon  a  shiUingr  is  allowed  to  stand  over  night,,  and  in  the  morniug  fho 
infusion  is  poured  into  ihe  milk.  For  a  cheese  of  601hs.  weight,  a  piece 
of  the  size  of  halP-a-crown  will  often  be  sufficient,  though  of  some  skins 
as  much  as  10  square  inches  are  reqtiired  to  produce  the  same  effect  [Dr. 
Holland.] 

It  is  perhaps  more  comtnon,  however,  to  take  the  entire  stomach 
{diied-maws,  veils,  reeds,  or  yirning*  they  are  often  called),  and  to  pour 
upon  them  from  one  to  three  ciuartS  of  water  for  each  siomach,  and  to 
allow  them  to  infuse  for  several  days.  If  only  one  has  been  infused,  and 
the  rennet  is  intended  ^r  immediate  use,  the  rafusion  requires  only  to  he 
skimmed  and  strained.  But  if  several  maw-skins  he  infused — or,  as  is 
the  custom  in  Cheshire,  as  many  as  have  been  provided  for  the  whole 
season — about  two  quarts  of  water  are  taken'  for  each,  and,  after  slaud- 
iug  not  more  than  two  days,  the  infusion  is  poured  off,  and  is  completely 
saturated  with  salt.  Dunng  the  summer  it  is  constantly  skimmed,  and 
fresh  salt  added  from  time  to  time.     Or  a  strong  brine  may  at  once 


be  poured  upon  the  akina,  and  the  iufiision,  when  tlie  aliins  are  taken 
out,  may  be  kept  for  a  length  of  time.  Some  even  recommend  that 
the  liquid  rennet  should  not  be  used  until  it  is  at  least, two  months, old. 
When  thus  kept,  however,  it  is  indispensable  that  the  water  should  be 
fully  saturated  with  salt. 

In  Ayrshire,  and  in  some  othef  counties,  it  is  customary  to  cut  the 
dried  stomach  into  small  pieces,  and  to  put  it,  with  a  handlul  or  two  of 
salt  and  on^  or  two  quarts  of  water,  into  a  jar,  Ift  allow  it  to  stand  for  two 
or  three  days,  afterwardstopouroponit  another  pint  for  a  couple  of  days, 
£0  mix  the  two  decoctbus,  and,  wlien. strained,  to  bottle  the  whole  for 
future  use.     In  this  state  it  may  be  kept  for  many  months.* 

Ill  all  the  methods  above  described,  the  exhausted  skins  are  thrown 
away.  Where  they  are  cut  irtlo  pieces,  as  in  Cheshire  and  Ayrshire, 
-^they  caimot  of  course  be  put  to  any  second  use,  but  where  they  are  steeped 
whole,  there  is  every  reason  to  believe  that  they  might  be  used  with  al- 
most equal  advantage  a  second  or  even  a  third  dme.  Accordingly,  it 
has  long  been  the  custom  iii  the  north.of  England  to  re-salt  the  stomach 
after  it  has  been  once  steeped,  and  when  long  dried,  as  before,  to  use  it 
a  second  and  even  a  third  time  for  the  preparation  of  rennet.  When  we 
explain  (he  mode  in  which  rennet  acta,  you  will  see  that  the  same  skin 
may,  with  good  reason,  be  expected  tfl  yield  a  good  rennet,  after  being 
salted  again  and  again  for  an  indefinite  number  of  limes. 

In  making  rennet,  some  use  pure  water  only,  others  prefer  clear  whey, 
others  a  decoction  of  leaves — such  as  those  of  the  sweetbriar,  the  dog- 
rose,  and  the  bramble^-or  of  aromatic  herbs  and  flowers,  while  others, 
again,  put  in  lemons,  cloves,  mace,  or  brandy.  These  various  practices 
are  adopted  for  the  purpose  of  making  the  rennet  keep  better,  of  lessen- 
ing its  unpleasant  smell,  of  preventing  any  unpleasant  taste  it  might 
give  to  the  curd,  or  finallyof  directly  iraproving  the  flavour  of  the  cheese. 
The  acidity  of  the  lemon  will,  no  doubt,  increase  also  the  coagulating 
power  of  any  rennet  to  which  it  may  be  added. 

4°.  Sou>  ike  rennet  is  used- — -The  rennet  thus  prepared  is  poured  into 
the  milk  previously  raised  to.  the  temperature  of  90°  or  96°  F.,  and  is 
intimately  mixed  with  it.  The  quantity  which  it  is  necessary  to  add 
varies  with  the  quality  of  the  rennet — from  a  table-spoonful  to  half  a 
pint  for  30  or  40  gallons  of  milk.  The  time  necessary  for  the  complete 
fixing  of  the  curd  varies  also  fram  15  minutes  to  an  hour  or  even  anhour 
and  a  half.  The  chief  causes  of  this  variation  are  the  temperature  of  the 
milk,  and  the  quality  and  quantity  of  the  rennet  emplayed. 

But  how  does  the  rennet  act  in  causing  this  coagulation?  Before 
we  can  answer  this  question  it  is  necessary  fo  enquire  what  rennet 

§  19.   Theory  of  the  ai-Mon  of  rennet. 
It  has  been  stated,  and  hitherto  almost  generally  received,  that  the  only 
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the  custom  both  of  preserving  the  natural  contents  of  the  stomach — ami 
of  generally  throwing  away  the  hag  after  being  cmce  salted;  dried,  and 
extracted.  The  gastric  juice  which  eitudes  ftom  the  interior  surface  of 
the  stomachs  of  ail  animals  is  known  to  curdle  milk  readily,  and,  there- 
fore, it  was  natural  to  ascribe  the  action  of  rennet  to  the  presence  of  this 
substance,  and,  to  infer  that,  Jeing  once  extracted,  it  was  iii  vain  to  ex- 
pect much  advantage  from  salting  and  infiising  the  membrane  a  second 
lime.    But  the  three  facts — 

a-  Thai  io  most  places  it  is  customary  to  wash  the  interior  of  the 
stomach  before  salting  it,  and  thus  to  remove  the  greater  part  of  the  gas- 
tric juice  it  may  contain  ; 

6.  That  besides,  in  many  places,  the  bags  are  laid  up  in  brine  for 
weeks  and  months,  and  are  then  drained  out  of  this  brine  before  they  are 
dried — by  which  any  gastric  juice  remaining  must  be  almost  entirely  re- 
moved,— and 

«.  That  after  being  dried  and  steeped  once  for  the  preparation  of  ren- 
net, experience  has  proved  that  they  may  again  be  salted  and  used  over 

— these  three  facts,  I  think,  shew  Ihdt  ihe  ^icacy  of  rennet  does  not  de~ 
pendupon  any  thing  ori^nal^y  contained  in  the  storaacki  hul  upon 
something  derived  from  ihe  substance  of  the  stomach  itself. 

Now  when  considering  the  properties  of  milk-sugar  and  of  lactic  acid, 
I  have  stated  that  if  a  piece  of  the  fresh  membrane  of  the  stomach  or  in- 
testine, dr  even  of  the  bladder  of  an  animal,  be  exposed  to  ihe  air  for  a 
few  days,  and  be  then  immerSed  into  a  solution  of  milk-sugar,  it  will 
gradually  transform  the  stigar  into  lactic  acid.  In  milk  this  membrane 
would  produce  a  amilar  eHeet,  aiding  and  hastening  the  natural  souring 
and  curdling  effect  of  the  casein.  By  exposure  to  the  air,  the  surface  of 
the  membrane  has  undergone  such  a  degree  of  change  or  decomposition, 
as  enables  it  to  induce  the  elements  of  the  sugar  to  alter  their  mutual 
arrangement,  and  to  unite,togetlier  in  such  a  way  as  to  form  lactic  acid. 
.  If  the  moist  membrane  be  exposed  for  a  longer  time  to  the  air  this 
change  of  ils  surface  will  penetrate  deeper,  and  it  will  become  more  ef- 
fective ia  inducing  the  transformation  of  the  sugar  into  lactic  acid.  But, 
at  the  same  time,  a  portion  of  its  surface  may  run  into  a  state  of  putre- 
faction, and  besides  acquiring  a  disagreeable  odour  may  become  capable 
also  of  bringing  on  fermentation  ana  butrefaciive  decay  in  the  solutions 
upon  which  it  may  be  made  to  ftct.  It  is  not  expedient,  therefore,  to  at- 
tempt to  heighten  the  transforming  effect  of  animal  membranes  by 
exposing  them  for  a  greater  length  of  time  to  the  air  in  a  moist  gnd  fresli 

But  if  the  membrane  be  salted,  and  thus  preserved  from  the  rapid 
action  of  the  air,  it  will  be  protected  from  putrefaction  in  a  great  degree, 
while,  at  the  same  lime,  it  will  undergo  that  gradual  change  upon  its 
surface  W  which  ils  poWer  of  transforming  solutions  of  sOgar  is  ascribed. 
And  this  change  will  be  matorially  hastened  and  increased  and  made  Io 
penetrate  deeper,  if  the  salted  triembrane  be  subsequently  dried  slowly 
in  the  air  by  a  gentle  lieat,  and  be  afterwards  kept  for  a  length  of  time 
where  the  air  has  more  or  less  leady  access  to  it.  Such  is  the  mode  of 
■  J  which  the  calf's  stomach  is  subjecled  for  the  preparation  of 
it  is  an  ■  important  practical  observation  that  the  triembrane 
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should  be  kept  at  least  19  months,  if  it  is  to  acquiie  very  powerfal 
coagulating  properties. 

It  is  necessary  further  to  remind  you  that  when  malt  is  steeped  in 
watei'  for  a  few  minutes,  a  substance,  named  diastase,  is  extraeted  fmm 
it,  which  possesses  the  reraarliable  property  of  changing  starch  into 
sugar  in  a  very  short  time,  andiin  large  quantity  (p.  119).  Now  if  this 
diastase  be  exposed  to  the  air  for  a  length  of  time,  it  undergoes  a  change 
similar  to  that  experienced  by  the  surface  of  animal  raembraces,  and 
acquires  the  property  of  transfonning  sugar  into  lactic  acid.  After  un- 
dergoing this  change  it  still  dissolves  readily  in  water,  and  if  a  solution 
of  it  be  poured  into  one  of  suapr,  the  transformation  of  the  latter  into  lactic 
acid  gradually  proceeds.  There  existj  therefore,  substances  soiuhte  in 
■water,  which  possess  the  same  power  as  slightly  decayed  but  insoluble 
animal  membrane,  of  coavectiog  sugar  into  lactic  acid. 

During  the  protracted  diving  and  decay  of  the  salted  stomach,  the 
change  undergone  at  length  by  the.  surface  of  the  membrane  is  such  as  io 
produce  a  quantity  of  matUr  capable  of  dissolving  in  water,  and  which 
also  possesses  the  property  of  quickly  converting  the  sugar  into  the  acid 
of  milk.  This  matter,  water  extracts  from  the  dried  skin,  and  it  forms 
the  active  ingredient  in  rennet. 

I  need  not  furlJier  explain  to  you  upon  what  this  aefivily  depends — 
since  as  you  already  know  any  thing  which  will  rapidly  cliange  sugar 
into  iacHc  acid,  will  also,  if  gently  warmed,  rapidly  curdle  milk  (p. 
567). 

Thus  the  action  of  rennet  resolves  itself  simply  into  a  curdling  of  milk 
by  the  acdou  of  its  own  acid.  It  is  the  sau:ie  thing  as  when  sour  milk 
in  Switzerland  is  at  once  mixed  with  that  from  which  the  cheese  is  to  be  . 
made ;  or  it  is  only  a  more  speedy  way  of  bringing  about  the  curdling 
that  takes  place  when  raiUt  sours  naturally  and  is  then  gendy  warmed 
till  the  curd  separates. 

But  how,  it  may  be  aaked,  is  the  coaguladon  eSected  so  inuch  more 
rapidly  by  the  achon  of  rennet  than  when  the  milk  is  left  to  sour  of  its 
own  accord  7  It  is  because  the  whole  of  the  animal  matter  in  the  rennet 
is  already  in  the  state  in  which  it  easily  transforms  the  siigar  into  acid, 
and  being  indmstely  mixed  with  the  whole  milk  in  a  warm  slate,  it  pro- 
duces acid  near  every  particle  of  the  cheesy  matter.  From  this 
cheesy  matter  the  acid  formed  takes  away  the  soda  that  holds  it  in  soIq- 
tion,  and  thus  renders  it  insoluble  or  curdles  the  milk.  .  In  milk,  on  the 
iither  hand,  which  is  left  to  sour  and  curdle  of  itself,  the  casein  must  first 
iie  changed  by  the  action  of  the  air  before  it  can  transform  the  sugar  and 
produce  acid.  This  change  takes  place  more  or  less  slowly,  and  chiefly 
at  the  surface  of  the  milk  where  it  is  in  contact  with  the  air.  The  sour- 
ing, therefore,  must  also  proceed  slowly,  and  the  curdling  of  wliich  it  is 
the  cause. 

It  is  no  objection  to  this  explanation  of  the  action  of  rennet,  that  neither 
the  milk  nor  the  whey  become  sensibly  sour  during  the  separation  of  the 
curd.  The  acid,  as  it  is  produced,  combines  directly  with  the  soda  pre- 
viously united  to  the  curd,  and  renders  the  latter  insoluble — while,  if 
any  excess  of  acid  do  happen  to  be  formed,  it  is  in  great  pajl,takeii  up 
and  retained  mechanically  by  the  curd,  and  thus  is  p^j^efcs^tdSSMi; 
sibly  perceived  in  ihf!  whey.  '-' 
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Using  the  same  skin  a  second  lime. — If  this  then  be  a  true  explanation 
of  the  action  of  rennet — if  the  coagulating  ingredient  in  ic  be  merely  a 
portionof  the  changed  merobrane.of  the  stomach  itself— it  ia  obvious  that 
thabag,  afler  being  once  used,  may  be  agsun  salted  and  dried  with  ad- 
^^ntage.  The  alow  decay  may,  after  a  second  salting,  become  still 
slower,  and  thus  it  may  require  to  be  longer  kept  after  tiie  second,  tlian 
after  the  first  salting,  before  it  will  give  a  rennet  as  powerful  "^  that 
which  was  first  extracted  from  it.  Bat  unless  it  be  merely  the  inner 
membrane  of  the  stomach  and  intestines  which  is  capable  of  undergdng 
thM  kind  of  change  upon  which  the  coagulating  power  depends,  there  is 
no  apparent  reason,  as  I  have  already  ata'ed  to  yon,  why  the  same 
maw-skin  may  not  be  salted,  dried,  and  steeped  many  linries  over. 

Use  of  whey. — Again,  in  she  making  of  rennet  there  aeems  some  pro- 
priety in  the  use  of  whey  rather  than  of  water.  The  whey  may  conuin 
a  portion  of  the  rennet  which  had  been  added  to  the  milk  frOm  which 
it  was  extracted,  and  may  thua  be  able  of  itself  io  curdle  milk.  It  is 
sure  also  to  contain  some  miUc-sngar,  which,  being  changed  into  acid 
when  the  whey  is  poured  upon  the  dried  stomach,  will  add  to  the  coag- 
ulating power  of  the  rennet  obtained. 

Use  of  IJie  curdled  milk  contained  ia  the  stomach. — Does  the  view  we 
have  taken  of  the  action  of  rennet  throw  any  liglit  upon  the  use  of  the 
curdled  inilk  found  in  the  stomach?  Is  it  of  any  service,  or  ought  it  to 
be  rejected? 

We  are  certain  that  it  must  be  of  service  in  coagulating  milk,  since  in 
Cheshire,  ticcording  to  Dr.  Holland,  it  is  frequently  talien  out  and  salted 
by  itself  for  immediate  use.  But  a  slight  conaideralion  of  the  properties 
,of  casein,  as  I  have  already  stated  tliem  to  you  (p.  562),  will  explain 
■why  this  curdy  matter  should  be  serviceable  for  such  a  purpose. 

Ton  wilt  recollect  that  casein,  after  being  exposed  to  the  air  for  ashort 

„.    _.       „  .Now.  the  cu  ' 

n  from  the  stomach  of  the  calf,  after  being  e  , 

quires  this  property  as  completely  as  a  more  pure  cum  will  do.  If  salted 
and  kejit,  it  will  be  changed  still  lurther,  and  will  acquire  this  property 
in  a  greater  degree.  In  short,  keeping  will  affect  the  curd  precisely  in 
the  same  way  as  it  does  the  membrane  of  the  stomach  itself,  and  will 
render  it  alike  fit  to  he  employed  in  the  preparation  of  rennet.  Nor  is 
it  unlikely  that  fresh  well-squeezed  curd,  if  mixed  with  much  salt  and 
kept  in  shghtly  covered  jars  for  10  or  12  months,  might  yield  a  rennet 
possessed  of  good  coaguladng  properties. 

It  thus  appears  that,  so  far  as  economy  is  concerned,  the  curdy  matter 
contatned  in  the  calfs  stomach  ought  to  be  preserved  and  saltetlfoc  ^lse^ 
If  in  any  district  this  curd  be  suspected  to  impart  an  unpleasant  flavour 
to  the  cheese,  this  bad  effect  may  probably  be  remedied  by  taking  it  out 
of  the  stomach,  washing  it  well  with  water — as  is  done  in  some  dairy 
districts — niixing  it  with  salt,  and  then  retOmiflg  it  into  the  stomach 

Another  practical  conclusion  may  also  be  drawn  from  this  explanation 
of  the  action  of  the  stomach.  Since  it  is  the  membrane  alone  tliat  acts, 
there  can  no  loss  accrue  by  carefully  washing  the  storaaph  as  well  as 
the  curd  it  contains.     On  the  contrary,  by  so  d^^ngx^tBmjtTOnove 
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from  its  inner  surface  some  subslauces  wiich,  if  allowed  to  remain,  might 
afterwaitls  act  injuriously  upon  the  flavour  or  ujion  the  other  qualities,  of 
tlie  (Aieese. 

§  30.   Of  ike  circumstances  by  which  the  quality  of  cheese  is  affected. 

All  cheese  consists  esseutially  of  the  card  mixed  with  a  certain  por- 
tion of  the  fatty  matter  and  of  die  sugar  of  milk.  But  differences  in  the 
quality.of  the  milk,  in  the  proportions  in  which  the  several  constituents, 
of  miUt  are.  mixed  together,  or,  in  the  general  mode  of  dairy  manage- 
ment, give  rise  to  varieties  of  cheese  almost  without  number.  Nearly 
every  dairy  district  produces  one  or  more  qualities  of  cheese  pecidiar  to 
itself.  It  wUl  not  be  without  interest  to  attend  briefly  to  some  of  these 
causes  of  diversity. 

1°.  Natural  differences  in  (feemiUr.— It  is  obvious  that  whatever  gives 
rise  to  natural  differences  in  iha  qt^lity  of  the  milfc  must  affeut  also  that 
of  the  cheese  prepared  from  ic  If  the  nulk  be  poor  in  butter,  so  must 
the  cheese  be.  If  the  pasture  he  such  as  to  give  a  milk  rich  in  cream, 
the  cheese  will  partake  of  the  same  quality.  If  the  herbage  or  other  food 
affect  (he  taste  of  tlie  milk  or  cream,  it  will  also  modify  the  flavom-  of  the 

2°.  Milk  of  different  animals. — So  the  milk  of  different  animals 
will  give  cheese  of  unlike  qualities.  The  ewe- millt  cheeses  of  Tuscany, 
Naples,  and  Languedoc,  and  those  of  goat's  milk  raade  on  Mont  Dor  . 
and  elsewhere,  are  celebrated  for  qualities  which  are  not  possessed  by 
cheeses  prepared  from  cow's  milk  in  a  similar  way.  Buffalo  milk  also 
gives  a  cheese  of  peculiar  qualities,  which  is  manufactured  in  some  parts 
of  the  Neapolitan  territory. 

Other  kinds  of  cheese  again  are  made  from  mixmres  of  the  milk  of  dif- 
ferent animals.  Thus  the  strong  tasted  cheese  of  Lecca  arid  the  cele- 
brated Roquefort  cheese  are  prepared  from  mixtures  of  goat  with  ewe- 
milk,  and  the  cheese  of  Mont  Cenis*  from:  both  of  these  mixed  with  the 
milk  of  the  cow.f 

3°.  Creamed  or  uncreamed  milk. — Still  further  differences  are  pro- 
duced according  to  the  proportion  of  croam  which  is  left  in  or  is  added  to 
the  milk.  Thus  if  cream  only  be  employed,  wo  have  the  rich  cream- 
cheese  which  must  be  eaten  in  a  oomparalively  recent  state.  Or,  if  the 
cream  of  the  previous  night's  milking  be  added  to  the  new  milk  of  the 
morning,  we  may  have  such  cheese  as  the  Stilton  of  England,  or  the 
small,  soft,  and  nch  Brie  cheeses,  so  much  esteemed  in  Frtmce.  If  the 
entife  milk  only  be  used,  wo  have,  such  cheeses  as  the  Cheshire,  the 
Double  Gloucester,  the  Cheddar,  the  Wiltshire,  and  the  Dunhp  cheeses 
of  Britain,  the  Kinnegad  che^e,  I  belbve,  of  Ireland,  and  theGoudaand 
Edam  ciieeses  of  Holland.  "Even  here,  however,  it  makes  a  difference 
whether  the  warm  milk  from  the  cow  is  curdled  alone,  as  at  Gouda  and 
Edam,  or  whether  it  is  mbceil  with  tlie  milk  of  the  evening  before,  as  is 
generally  done  in  .  Cheshire  a,nd  Ayrshire.  Many  persons  are  of  opin- 
ion that  cream,  which  has  once  been  separated,  can  never  be  so  well 

•Leooal"  a  province  ill  iho  Eiatcm  pa.l  orilie 
HoDt  da^  a  mounlain  Ln  Saraj. 
t  Ths  milk  oC2  goUa  is  mixed  wllh  Ibat  of  SO  ehCBp  snd  6  cons. 
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tnised  again  with  the  milk,  that  a  portiim  of  the  fatty  matter  shall  no( 
flow  out  with  the  whey  and  render  the  cheese  less  rich. 

If,  again,  the  cream  of  the  evening's  milk  be  removed,  and  the  skim- 
med milk  added  to  the  new  milk  of  the  next  morning,  such  cheeses  bs 
the  Single  Oloiieesler  are  obtained,  K  the  cream  be  talsen  once  from 
all  the  milk,  the  better  kinds  of  skimmed-milk  cheese,  such,  as  the  Dutch 
cheese  of  Leyden,  are  prepared — while  if  the  milk  be  twice  skimmed, 
we  have  the  poorer  cheeses  of  Friesland  and  Groningen.  If  skimmed 
foe  three  or  four  days  in  succession,  we  get  the  hard  and  horny  cheeses 
of  Essex  and  Sussex,  which  often  require  tlie  axe  to  break  them  up. 

4°.  BuUer-milk  cheese. — But  poor  or  butterless  cheese  will  also  differ 
in  quality  according  to  the  state  of  the  milk  from  which  it  is  extracted. 
If  the  new  milk  be  allowed  to  stand  to  throw  iip  its  eream,  and  this  be 
then  removed  in  the  usual  way,  the  ordinary  skimmed-railli  cheese  will 
be  obtained  by  adding  rennet  to  tlie  milk.  But  if,  instead  of  skimming, 
we  allow  the  milk  to  stand  till  it  begins  to  sour,  and  then  remove  the 
butter  by  churning  the  whole,  we  obtain  (he  milk  irt  a  sour  state  {butter- 
milk). From  this  milk  the  ciitd  separates  naturally  hy  gentle  heating. 
But  being  thus  prepared  from  sour  milk  and  without  the  t;se  of  rennet, 
butter-mflk  cheese  differs  more  or  less  in  quality  from  that  which  is  made 
from  sweet  skimmed  milk. 

The  acid  in  the  bulter-milk  especially  after  it  has  stood  a  day  or  two, 
is  eapahle  of  coagulating  new  milk  ah*  and  thas,  by  mixing  more  or 
less  sweet  milk  with  the  butter  imll  before  it  is  warmed,  several  otiier 
qoalities  of  mixed  butler  and  sweet  nulk  cheese  may  readily  lie  manu- 
fectured. 

If,  as  is  stated  hy  Mr.  Billantyne  the  churning  of  the  whole  milk 
fiives  butter  in  larger  quantity,  ot  better  quality,  and  more  uniformly 
throughout  the  whole  year  (p.  553),  the  manufacture  of  these  butler-mOk 
cheeses  is  deserving  of  the  attenfiou  of  dairy  farmers,  especially  in  those 
districts  where  butter  is  considered  as  the  most  important  produce. 

5°.  IVhey-cheese.^—The  whey  whicli  separates  from  the  curd,  and 
especially  the  white  whey,  which,  is  pressed  out  towards  the  last,  contains 
a  portion  of  curd,  and  not  unfrequently  a  considerable  quantify  of  butter 
also.  When  the  whey  is  heated,  the  curd  and  butter  rise  to  the  surface, 
and  are  readily  skimmed  off.  This  curd  alone  will  often  yield  a  cheese 
of  excellent  quality,  and  so  rich  in  butter,  that  a  very  good  imitation  of 
Stilton  cheeee  may  sometimes  be,  made  with  alternate  layers  of  new 
njilk-curd  and  this  curd  of  whey, 

6°.  Mixtures  of  vegetable  substances  with  the  milk. — New  varieties 
of  cheese  are  formed  by  uiixing  vegetable  substances  with  the  curd.  A 
green  decoction  of  two  parts  of  sage-leaves,  one  of  marigold,  and  a  liitle 
parsley,  gites  its  colour  to  the  green  cheese  of  Wiltshire;  eome  even  mix 
up  the  entire  leaves  with  the  curd.  The  celebrated  Sehabzieger  cheese 
of  Switzerland  is  made  hy  crushing  the  skim-milk  cheese  after  it  is  se- 
veral months  old  to  fine  powder  in  a  mill,  mixing  it  then  with  one-Tendi 
of  its  weight  of  fine  salt  and  one-twentieth  of  the  powdered  leaves  of  the 
mellilot  trefoil  (trifolium  meUlolns  cerulea),  and  afterwards  with  oil  or 
butter — working  the  whole  into  a  paste,  which  is  pressed  and  carefully 

Potato  cheeses,  as  they  ara  callol,  aro  made  in  various  ways.     One 
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pound  of  sour  milk  is  raised  witli  five  pounds  oF  boiled  potatoes  and  a 
little  salt,  and  the  whole.is  beat  into  a  pulp,  which,  after  standing  live  or 
six  days,  is  worked  up  again,  and  then  dried  in  the  usual  way.  Others 
mix  three  parts  of  dried  boiled  potatoes  with  two  of  fresh  cued,  or  ettual 
weights,  or  more  curd  than  potato  according  to  the  quality  required. 
Such  cheeses  are  made  in  Thuringia, '  in  Sasony,  and  in  other  parts  of 
Germany.  In  Savoy,  an  excellent  cheese  is  made  bymiiciog  one  of  the 
pulp  of  potatoes  with  three  of  ewe  milk  curd,  and  in  Westphalia  a  po- 
tato cheese  is  made  with  skimmed  milk.  This  Weslphaliaa  cheese, 
while  in  the  pasty  state,  is  allowed  lo'undergo  a  certain  extent  of  fer- 
mentation before  it  is  finally  worked  up  with  butter  and  sail,  made  into 
shapes  and  dried.  The  extent  to  which  this  fennentation  is  permitted  to 
go  determinea  the  flavour  of  the  cheese. 

§  21.   Cireumstances  -under  lekich  cheese  of  different  qualities  may  he 
ohlained  fiom  (fee  same  milk. 

But  from  the  same  milk,  ia  the  same  state,  different  kinds  or  qualities 
of  cbeese  may  he  prepared  according  to  the  way  in  which  the  milk  or 
the  curd  is  treated.  Let  us  consider  also  a  few  of  the  circurastancea  hy 
wliich  this  result  may  be  brought  about. 

1°.  Temperature  la  vAicktite  milk  is  heated. — The  temperature  of  new 
or  entire  milk,  when  the  rennet  isadded,  should  be  raised  to  about  95°  F. 
— that  of  skimmed  milk  need  not  be  quite  so  ^igh-  If  the  milk  be 
warmer  the  curd  is  hard  and  tough,  if  colder,  it  is  soft  and  difiicult  to  ob- 
tain free  from  the  whey.  When  the  former  happens  to  be  the  ease,  a 
portion  of  tlie  first  whey  that  separates  may  be  fallen  out  into  another 
vessel,  allowed  to  cool,  and  thea  poured  in  again.  If  it  prove  (o  have 
been  too  cold,  hot  milk  or  water  may  be  added  to  it— or  a  vessel  contain- 


ter  may  be  put  into  it  before  the  curdling 


first  portion  of  wliey  that  separates  may  be  heated  and  poured  again 
upon  the  curd.  The  quality  of  the  cheese,  however,  vrill  always  be 
more  or  less  affected  when  it  happens  to  be  necessary  to  "adopt  any  of 
these  remedies.  To  make  the  best  cbeese,  the  true  temperature  should 
always  be  attained  as  nearly  as  possible,  before  the  reiinat  is  added. 

2°.  Moile  in  wMch  the  milk  is  warmed. — If,  as  is  the  case  in  some 
dairies,  the  milk  be  warmed  in  an  Iron  (lot  upon  the  naked  fire,  great  care 
n"-U3t  be  taken  that  it  is  not  Mnged  or  jire-fanged.  A  very  sL^ht  inat- 
tention may  cause  this  to  be  the  case,  and  tlie  Caste  of  the  cbeese  is  sure 
to  be  more  or  less  affected  by  it.  In  Cheshire  themilk  is  put  into  a  large 
tin  pail,  which  is  plunged  into  a  holler  of  hot  water,  and  frequently  stir- 
red till  it  is  raised  to  the  proper  teiliperature.  In  large  dairy  establish- 
ments, however,  the  safest  method  is  to  have  a  pot  wi(h  a  double  bottom, 
consisting  of  one  pot  within  another — alter  the  manner  of  a  glue-pot — the 
space  between  liie  two  being  filled  with  water.  The  fire  applied  be- 
neath thus  acts  only  upon  the  water,  and  can  never,  by  any  ordinary 
neglect,  do  injury  to  the  milli.  It  is  desirable  in  this  heating,  not  to  raise 
(he  temfierature  higher  Ihfaj  is  necessary,  as  a  great  heat  is  apt  to  give 
an  oiliness  to  the  fatty  matter  of  the  milk. 

3°.  The  time  during  which  the  curd  stands  is  also  of  iniporlance.  It 
shoi.ld  be  broken  up  as  soon  as  ihemilk  is  fully  coagulated.'  "^qjoftger 
it  stands  after  this  the  harder  and  tougher  it  wiL  ■,  become,  '-'^ 
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4°.  The  quality  of  the  rennet  is  of  muchimportancenot  onlyin  regard 
to  the  certainty  ol  the  coagulatiou,  but  also  to  the  flavour  of  the  cheese. 
In  some  parts  of  Cheshke,  as  we  have  seen,  it  is  usual  to  take  a  piece 
of  .the  dried  membrane  and  ste^p  it  overoiglit  with  a  little  salt  for  the 
ensuing  iriorning's  milk.  It  is  thus  sure  to  be  fresh  and  sweet  if  the 
dried  maui  be  in  good  preservation.  But  where  it  is  customary  to  steep 
several  skins  at  a  time,  and  to  bottle  tlie  rennet  for  after-use,  it  is  very 
necessary  to  satiu'ate  tha  solution  completely  with  salt  and  to  season  it 
with  spices,  in  order  that  it  may  be  preserved  in  a  sweet  and  wholesome 
slate.  In  some  pacts  of  Scotland  the  rennet  is  said  to  be  frequently  kept 
in  bottles  till  if  is  almost  putrid,  and  in.  this  state  is  still  put  into  the  milk. 
Such  rennet  may  not  only  impart  a  bad  taste  to  the  cheese,  but  is  likply 
also  to  render  it  more  difficult  to  cure  and  to  bring  on  putrefaction  after- 
wards and  a  premature  decay. 

5°.  The  quantity  of  rennet  added,  ought  to  be  regulated  as  carefully 
as  the  temperature  of  tlie  milk.  Too  much  renders  the  curd  tough ;  too 
little  causes  the  loss  of  much  time,  and  may  jieroiit  a  larger  portion  of 
die  butter  to  separate  itself  from  the  curd.  It  is  to  be  expected  also  that 
when  rennet  is  used  in  great  excess,  a  portion  of  it  will  remain  in  the 
curd,  and  will  naturally  affect  the  kind  and  rapidity  of  the  changes  it 
afterwards  undergoes.  Thus  it  is  said  to  cause  the  cheese  to  heave  or 
swell  out  from  fermentation.  It  is  probable  also  that  it  will  affect  the 
flavtnjr  which  the  cheese  acquires  by  keeping.  Thus  it  may  be  that  the 
agreeable  or  unpleasant  taste  of  the  cheeses  of  Certain  districts  or  dturies 
niay  be  less  due  to  the  quality  of  the  pastures  or  of  the  millt  itself,  than 
to  the  quantity  of  rennet  with  which  it  has  there  been  customary  -to  co- 
agulate the  milk. 

6°.   The  way  in  which  the  rennet  is  made,  mi  less  than  its  state  of  pre- 


other  qualities  of  the  cheese.  For  instance,  in  the  manufacture  of  a 
celebrated  French  cheese— that  of  Epoisse — the  rennet  is  prepared  as  fol- 
lows : — Four  fresh  calf-skins,  with  the  curd  they  contain,  are  well 
washed  in  water,  chopped  into  small  pieces,  and  digested  in  a  mixture 
of  5  quarts  of  braody  with  15  of  water,  adding  at  the  same  time  a^  lbs. 
of  salt,  half  an  ounce  of  black  pepper,  and  a  quarter  of  an  ounce  each 
of  cloves  and  fepnel  seeds.  At  (be  end  of  sis  weeks  tlie  liquor  is  filtered 
and  preserved  in  well  corked  bottles,  while  the  membrane  is  put  into  salt- 
water to  form  a  new  portion  of  rennet.  For  making  rich  cheeses,  the 
rennet  should  always  be  filtered  clear.   [II  latte  e  i  sud  |)Codocti,  p.  274.] 

Again,  on  Mont  Dor,  the  rennet  Is  made  with  white  wine  andviuegar. 
An  ounce  of  common  salt  is  dissolved  in  a  mixture  of  half  a  pint  of 
vinegar  with  2i  pints  of  white  wine,  and  in  this  solution  a  prepared 
goat's  stomach  or  a  piece  of  dried  pi^s  bladder  is  Steeped  foralengthof 
tune.  A  single  spoonful  of  this  rennet  is  said  toba  sufficient  for  45  or 
50  quarts  of  milk.  No  doubt  the  acid  of  the  vinegar  and  of  the  wine  aid 
the  coagulating  power  derived  from  the  membrane. 

Eennets  prepared  in  the  above  ways  must  affect  the  flavour  of  (he 
cheese  differenfly  from  such  as  are  obtained  by  the  several  more  or  less 
careful  methods  usually  adopted  in  this  countiy. 

1".  When  acids  are  used  ahne — as  vinegar,  tartaric  acid,  and  muria- 
s  are — for  ;oaguIating  &e  mUk,  the  ilavour  of  the 
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cheese  can  scarcely  fail  to  be  in  30rae  measure  difEerent  from  that  which 
is  prepared  with  ordinary  rennet. 

8°.  The  way  in  vihich  the  card  is  treated. — It  is  usual  in  our  best 
cheese  districts  carefully  and  slowly  to  separate  the  curd  from  the  whey— 
not  to  hasten  the  aeparatioa,  lest  a  larger  portion  of  the  fatty  matter  should 
besqueezedout  of  thecurd  and  the  cheese  should  thus  be  rendered  poorer 
than  usual.  But  in  some  places  the  practice  prevails  of  washing  the 
curd  wish  hot  water  after  the  whey  has  been  partially  separated  from  it. 

Thus  at  Qouda  in  Holland,  after  the  greater  part  of  the  whey  has  been 
gradually  removed,  a  quantity  of  hot  water  is  added,  and  allowed  to  re- 
main upon  it  for  at  least  a  quarter  of  an  hour.  The  heat  makes  the 
cheese  more  solid  and  causes  it  to  keep  better. 

In  Italy,  again,  the  so-called  pear-shaped  cacdo-cavatlo  cheeses  and 
the  rouad  pailoni  cheeses  of  Gravina,  in  the  Neapolitan  territory,  are 
made  from  curd,  which,  after  being  scalded  with  boiling  whey,  is  cut  into 
slices,  kneaded  in  boihng  water,  *orked  with  the  hand  till  it  is  perfectly 
tenacious  and  elastic,  and  then  made  into  shapes.  The  water  in  which 
the  curd  is  washed,  after  standing  24  hours,  throws  up  much  oily  mat- 
ter, which  is  skimmed  off  and  made  into  butler. 

The  varieties  of  cheese  prepared  by  these  methods  no  doubt  derive  the 
peculiar  characters  upon  which  their  reputation  depends  from  the  treat-^ 
ment  to  which  the  curd  is  subjected — but  it  is  obvious  that  none  of  them 
can  be  so  rich  as  a  cheese  from  the  same  liulk  would  be,  if  manufactured 
in  a  Cheshire,  a  Wiltshire,  or  an  Ayrshire  dairy. 

9°.  The  separation  of  the  wkey  is  a  part  of  the  process  upon  which  the 
quality  of  the  cheese  m  a  considerable  degree  depends.  In  Cheshire 
more  time  and  attention  is  devoted  to  the  perfect  extraction  of  the  whey 
than  in  almost  any  other  district.  Indeed,  when  it  is  considered  that  the 
whey  contains  sugar  and  lactic  acid,  which  may  undergo  decomposition, 
and  a  quantity  of  rennet  which  may  bring  on  fermentation — hy  both  of 
which  processes  the  Bavoor  of  the  cheeses  must  be  considerably  affected 
— it  will  appear  of  great  importance  tliat  the  whey  shou|d  be  as  com- 
pletely removed  firotn  the  curd  as  it  can  possibly  be.  To  aid  in  efiectuog 
this  a  curd-mill,  for  chopping  it  fine  after  the  whey  is  strained  off,  is  in 
use  in  many  of  the  large  English  dairies,  and  a  very  ingenious,  and  I 
believe  effectual,  pneumatic  cheese-press  for  sucking  out  3ie  whey  was 
invonied  by  die  late  Sir  John  Robinson,  of  Edinburgh.  [Transactions 
and  Prize  Essays  of  the  Highland  Society,  wol.  s.,  p.  204,] 

But  the  way  in  which  the  whey  is  separated  is  not  a  matter  of  indif- 
ference, and  has  much  influence  upon  the  quality  of  the  cheese.  Thus 
in  Norfolk,  aecording  to  Marshall,  when  'the  curd  is  fairly  set,  the  .dairy- 
maid bates  her  arm,  plunges  it  into  the  curd,  and  with  the  help  of  her 
wooden  ladle  breaks  up  minutely  and  intimately  mixes  the  curd  with  the 
whey.  This-she  does  for  10  or  15  minutes,  after  which  the  curd  is  al- 
lowed to  subside,  and  the  whey  is  drawn  off.  By  this  agitation 
the  whey  must  carry  off  more  of  the  buller  and  the  cheese  must  be 
poorer. 

In  Cheshire  and  Ayrshire,  again,  the  curd  is  cut  wilh  a  knife,  but  is 
gently  used  and  slowly  pressed  till  it  isdry  enough  to  be  chopped  fine,  and 
thus  more  ofthc  oily  matter  is  retained.  On  the  same  principle,  in  making 
the  Stiltoji  cheese,  the  curd  is  not  cut  or  broken  at  al],  bi^t  ,^,{u;^^^ 


gently  and  vi'iih  care  lili  the  whey  ai'atlu ally  drains  out.  Tims  the  butter 
and  the  curd  remain  mteriiiised^anu  the  rich  cheese  of  Siiltou  is  the  result. 
Thus  you.  will  see  that  while  it  is  of  importance  that  all  the  whey 
should  be  extracted  from  the  curd,  yet  that  the  c|uicl;est  way  may  not  be 
the  best.  More  time  and  care  must  be  bestowed  in  order  to  effect  this 
object,  the  richer  the  cheese  we  wish  to  obtain.  You  will  see,  also,  liow 
the  quality  of  the  milk  or  of  the  pastures  may  often  be  blamed  for  de- 
ficiencies in  the  ricboesa  or  other  qualities  of  our  cheese,  which  are 
in  reality  due  to  slight  but  material  diHerences  in  our  mode  of  manufac- 

10°.  The  Mnd  of  salt  used  is  considered  by  many  to  have  some  effect 
upon  the  Caste  of  the  cheese.  Thus  the  cheese  of  GeromS,  in  the  Vos- 
ges,  is  supposed  to  derive  a  peculiar  taste  from  the  Lorena  salt  with 
which  it  is  cured.  In  Holland,  also,  the  erticacy  of  one  kind  of  salt 
over  another  for  the  curing  of  cheese  is  generally  acknowledged,  [British 
Husbandry,  ii.,  p.  424.]  It  is  indeed  not  unlikely  that  the  more  or  less 
impure  salts  of  different  localities  may  affect  tlie  ilavour  of  tlie  cheese, 
but  wherever  the  salt  may  be  manufactured,  it  is  easy  to  obtain  it  in  a 
uniform  and  tolerably  pure  state,  by  tlie  simple  process  of  purification, 
which  I  have  already  described  to  you  (p.  566.) 

H".  The  mode  in  whidi  the  sail  is  applied- — In  making  the  large 
Cheshire  cheeses  the  dried  curd,  for  a  single  cheese  of  60  lbs.,  is  broken 
down  fine  and  divided  into  three  equal  portions.  One  of  these  is 
mingled  with  double  the  quantity  of  salt  added  to  the  others,  and  this 
is  so  put  into  the  cheese-vat  as  to  forjfl  the  central  part  of  the  cheese. 
By  this  precaution  the  after-salting  on  the  surface  is  sure  to  penetrate 
deep  enough  to  cure  effectually  the  less  salted  parts.  In  the  counties  of 
Gloucester  and  Somerset  the  curd  is  pressed  without  salt,  anJ  the  cheese, 
when  formed,  is  made  to  absorb  the  whole  of  the  salt  afterwards  through, 
its  surface.  This  is  found  to  answer  well  with  the  small  and  thin 
cheeses  made  in  these  counties,  but  were  it  adopted  for  the  large  cheeses 
of 'Cheshire  andDunlop,  or  even  for  the  pine-apple  cheeses  of  Wiltshire, 


there  can  be  no  doubt  that  their  quality  would  frequently  be  injured, 
may  not  be  impossible  to  cause  salt  Co  penetrate  into  the  very  liea  '  " 
large  cheese,  but  it  cannot  be  easy  in  this  way  to  salt  the  v 


equally,  while  the  care  aod  attention  required  must  be  greatly  increased. 
19°.  Addition  of  ereain  or  butler  to  the  curd. — Another  njode  of  im- 
proving the  quality  of  cheese  is  by  the  addition  of  cream  or  butter  to  the 
dried  and  crumbled  curd.  Much  diligence,  however,  is  required  fully 
to  incorporate  these,  so  that  the  cheese  may  tie  uniform  throughout.  Still 
this  practiqe  gives  a  peculiar  character  to  the  cheeses  of  certain  districts. 
In  Italy  theyjiialie  a  cheese  after  the  manner  of  the  English,  [II  latce  e  i 
suoi  prodotti,  p.  277],  into  which,  a  consjde^ble  quantity  of  butter  is 
workedi  and  the  Reckem  cheese  of  Belgium, is  made  by  adding  half  an 
ounce  of  butter  and  the  yoke  of  an  egg  to  every  pound  of  pressed  curd. 
.13°.  The  colouring  matter  added  to  the  cheese  is  thought  by  mauy  to 
aSect  its  quality.  In  foreign  countries  saffron  is  very  generally  used  (o 
mve  a  colour  to  the  milk  before  it  is  coagulated.  In  Holland  and  in 
Cheshire  annalto  is  most  commonly  employed,  while  in  other  dis- 
tricts the  m^gold  or  the  carrot,  hoilta  in  millf,  are  tlie  usual  colouring 


The  quantity  of  annatto  employed  is  comparatively  small — less  than 
naif  an  ounce  to  a  cheese  of  GO  lbs. — but  even  this  quantity  is  considered  , 
by  many  to  be  an  iDJurious  admixture.  Hence  a  native  of  Cheshire 
prefers  ihe  uneoloared  cheese,  the  annatto  being  added  to  sucli  only  as 
are  intended  for  the  London  or  other  distant  markets. 

li'.  Size  oftkechetse. — From  the  same  milk  it  is  obvious  tliat  cheeses 
of  different  sizes,  if  treated  in  the  sanje  way,  will  at  the  end  of  a  given 
number  of  mouths  possess  qualities  in  a  considerable  degree  different. 
Hence,  ividiout  supposing  any  inferiority,  either  in  the  milk  or  in  the  ge- 
neral mode  of  tueatuient,  the  size  usually  adopted  for  tlie  cheeses  of  a 
particular  district  or  dairy,  may  be  the  cause  of  a  recognized  infertoriry 
Mi  some  quality  which  it  is  desirable  that  they  should  possess  in  a  high 

15°.  Tke  methodiof  curins  has  very  much  influence  upon  the  after- 
qualities  oC  the  cheese.  The  care  with  wWch  they  are  salted — the 
warmth  of  the  place  in  which  they  are  kept  during  the  first  two  or  three 
weeks— the  temperature  and  closeness  of  the  cheese-room  in  which  they 
are  afterwards  preserved — the  frequency  of  turning,  of  cleaning  from 
mould,  aod  of  rubbing  with  butler — all  these  circumstances  exercise  a 
remarkable  inHuenoe  upon  the  atler-qualities  of  the  cheese.  Indeed,  in 
very  many  instances  the  high  reputation  of  a  particular  dairy  district  or 
dairy  farm  is  derived  from  some  special  attention  to  one  or  other  or  to  all 
oF  the  apparently  minor  points  to  which  I  have  just  adverted. 

In  Tuscany,  the  cheeses,  after  being  hung  up  for  some  lime  at  a  proper 
distance  tromthe  Rre,  are  put  to  ripen  in  an  underground  cnalaad  damp 
collar;  and  the  celebrated  Frencli  cheeses  of  Roquefort  are  supposed  to 
owe  much  of  the  peculiar  estimation  in  which  they  are  held,  to  the  con! 
and  unilbrro  temperature  of  the  subterranean  caverns  in  which  tUe 
inhabitants  of  the  village  have  long  been  accustomed  to  preserve  them. 

In  Russhire  it  ^  said  to  be  the  custom  with  some  proprietors  to  bury 
their  cheeses  under  the  sea  sand  at  low  water,  and  ttiat  the  action  of 
the  sea-watet  in  this  situation  renders  them  more  juicy  and  of  an  eitquisiie 
flavouc. 

16°,  Aia/rioniacal  cheesK. — The  influence  of  the  mode.of  curine  upon 
the  quality  is  shown  very  strikingly  in  (he  small  ammoniacal  cb^es  of 
Brie,  which  are  very  much  esteemed  in  Paris.  They  are  softunpresfSd 
cheeses,  which  are  allowed  to  ripen  in  a  room  the  temperatuffi'  of  which 
is  kept  between  60°  and  70°  F.  dlL  they  begin  to-  undergo  the  putrefac- 
tive fer mentation  ai)d  emil  an  ammoniacal  .odour.  Thoy  are  ge- 
nerally unciuQUS,  and  sometimes  so  small  as  not  to  weigh  more  than  an 

A.  little  consideration,  indeed,  will  satisfy  you,  (hat  by  varying  the 
mode  of  caring,  and  especially  the  temperature  at  which  they  are  kept, 
you  may  produce  an  almost  endless  diversity  in  the  quality  of  tiie  cheeses 
yoii  bring  into  the  market. 

17°.  Iiiocuialing  cheese. — It  is  said  that  a  cheese,  possessed  of  no 
very  striking  taste  of  its  own,  may  be  inoculated  with  any  flavour  we 
ap|]rovo  of,  by  putting  into  it  with  a  scoop  a  small  portion  of  the  cheese 
which  we  are  desirous  that  it  should  be  made  to  resemble.  Of  course 
this  can  apply  only  to  cheeses  otherwise  of  equal  richoess,  for  we  could 
scarcely  expect  to  give  a  angle  Ghiucester  the  flavour  of  ajSljIfp^^il^. 
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by  merely  putting  into  it  a  small  portion  of  a  rich  and  esteemed  Stilton 
cheese . 

,§  33.   Of  the  average  quantity  of  cheese  yielded  by  different  varieties  of 
milk,  and  of  the  produce  of  a  single  cow. 
There  appear  to  be  very  great  diflerencea  in  the  proportions  of  cheese 
yielded  by  milk  at  different  seasons  and  in  different  locaUties. 

In  milk,  of  an  average  quality,  there  are  contained  from  4  to  5  percent. 

of  casein  or  dry  cheesy  matter  (p.  534), which,  if  all  extracted,  would  give — 

6  lbs.  to  7  ibs.  of  skimmed  milk  cheese,  or  }  from  100  lbs.  of 

9  lbs.  to  10  ibs.  of  entire  milk  cheese,  5  milk. 

This  is  very  nearly  the  proportion  actually  obtained  in  some  of  the 

best  dairy  districts  in  the  summer  season.     Thus — 

la  Ayrshire — 10  lbs.  of  milk,  or   }  gave  1  lb.  of  whole  milk 
1  irajierial  gallon,  ^  cheese  ; 

or  136  wine  quarts  gave  ISTj.lbs.  of  cheese  three  months  old.* 

In  Gloucester — 7  lbs.  of  milk,  or  J  gave  1  lb.  of  double 
3i  wine  quarts,      J  Gloucester  ; 

this  i3  a  much  larger  proportion,  and  is  probably  much  above  the  average 
of  the  county. 

In  Holstein,  it  is  said  that  100  Ibs.  of  milk  will  give  about — 

New  skimmed  milk  cheese 6  lbs. 

Butter         3i  " 

Butter-milk 14    " 

Wiiey 76|  " 

100  lbs. 

But  this  statement  is  so  far  indefinite,  that  it  affords  us  no  means  of 
jndging  how  much  curd  is  left  in  the.buiier-milk,  nor  how  much  water 
was  present  in  the  new  cheese.  Indeed,  most  of  the  statements  on  record 
■are  deficient  in  this  respect,  that  the  dryness  of  the  cheese  is  not  accu- 
rately enpressed. 

In   Cftes^ire,  the  average  popduce  of  a  cow  is  recltonetl  at  360  lbs.  of 

whole  milk  cheeaBi  or  about  1  lb.  per  day  for  the  whole  year.     Taking 

8  wine  quarts  of  milk  as  the  average  daily  yield  of  a  cow  m  that  county, 

we  have  as  the  average  produce  of  the  mUk  the  whole  year  through — 

1  lb.  of  cheese  from  8  wine  quarts,  or  16  lbs.  of  milk. 

It  is  ilideed  undoubted,  that  the  proportion  of  cheese  varies  very 
much  u/illi  the  season  of  the  year  gnd  wiui  the  dryness  of  the  weather. 
Though,  therefore,  in  summer  7  or  8  lbs.  of  milk  may  soinetimes  yield 
a  pound  of  cheese,  it  is  possible  that  as  much  as  20  ibs;  of  milk  may  at 
other  seasons  1)6  required  to  give  the  same  quantity.     Thus  iu — 

SuWft  Hollaiid,  the  summer  produce  of  a  cow  is  reckoned  at  about  900 
Lbs.  of  skimmed. milk  cheese,  and.^O  lbs.  of  butter;  or  in  a  week  10  lbs. 
of  skii.,med  milk  cheese,  and  4'  to  7  lbs.  of  butter.  Of  whole  milk 
dieese  some  expect  as  much  as  3  or  4  lbs.  a  day. 

'  Ur.  AlBiandsr,  of  Soulhliar,  IBOinna  me  Ibia  tha  mull  of  tiia  eiperieqce  wUh  a  daily 
eOimpsrJolqiiorlaoreweslmllfelvann  iyrehire  BU)ne'ofa4  ibp.  of  fnii  milk  cheosp, 

'"a  iSro/new  milk  giva  1  lb.  of  full  milk  nhcesa. 
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In  Smitzerland,  generally,  a  cow,  giving  12  quarts  of  milk  a  day  will, 
during  the  summer,  yield  a  daily  produce  of  IJ.lljs.  uf  whole  or  full  milk' 
cheese— or  10|  quarts  of  milk,  about  21  lbs.,  will  give  a  pojjnd  of  cheese. 

In  the  high  pastures  of  Searia,  again,  in  the  same  country,  one  cow 
will  give  for  the  90  days  of  summer  about  60  lbs.  of  skiinmed-milk 
cheese  aud  40  lbs.  of  butter — or  11  ounces  of  cheese  per  day. 

It  appears,  therefore,  as  we  should  otherwise  expect,  that  the  average 
produce  of  cheese  is  affected  by  many  circumstances—but  that  iu  this 
"      ' "  "        "         '  L,  will  yield  one 

§  23.   Of  the  fermented  liqaoT  from  mUk,  and  of  miUc  vinegar. 

Milk  is  capable  of  uniJergoing  what  is  called  the  vinous  fermentation, 
and  of  yielding  an  intoxicatiug  liquor.  The  Tartars  prepare  auch  a 
liquor  from  mare's  milk,  to  wmchthe  name  of  fountiss  is  given.  When 
made  from  cow's  milk  it  is  called  airen.,  and  is  less  esteemed  because 
generally,  of  a  weaker  quality.  The  Arabians  and  Turks  prepare  a  si- 
milar' liquor,  which  the  former  call  leban,  and  the  latter  yaaurl.  In  the 
Orkney  Islands,  and  in  some  parts  of  the  north  of  Sboda'nd  and  Ireland, 
hutter-milk  is  sometimes  kept  till  it  undergoes  the  vinous  fermentation, 
and  acquires  intoiicating  guaEiies. 

It  is  the  sugar  contained  in  milk  which,  fay  the  fermentation,  is  changed 
into  alcohol.  As  mare's  milk,  hke  that  of  the  aas,  contains  more  sugar 
(p.  534)  than  that  of  the  cow,  it  gives  a  Stronger  liquor,  and  is  therefore 
naturally  preferred  by  the  Tartars.  By  distillalion  ardent  spirits  are  ob- 
tained fram  koumiss,  and  when  carefully  made  in  close  vessels,  a  pint  of 
the  liquor  will  yield  half  an  ounce  of  spirit.  The  Icoumiss  is  prepared  in 
the  following  manner : 

To  the  new  milk,  diluted  with  a  sixth  of  its  bulk  of  water,  a  quantity 
of  rennet,  or  what  is  better,  of  sour  koumiss,  is  added,  and  the  whole  is 
covered  up  in  a  warm  place  for  24  hours.  It  is  then  stirred  ot  churned 
together  till  the  curd  and  whey  are  intimately  mixed,  and  is  again  left 
at  rest  for  34  hours.  At  the  end  of  this  lime  it  is  put  into  a  tall  vessel, 
and  agitated  till  it  becomes  periectly  homogeneous.  It  has  now  an  agree- 
able sourish  taste,  and  in  a  cool  place  maybe  preserved  for  several 
months  in  close  vessels.  It  is  always  ahalten  up  before  it  is  drunk.  This 
liquor,  from,  the  cheese  and  butter  it  contains,  is  a  nourishing.as  well  as 
au  exhilarating  drink,  and  ja  not  followed  by  the  usual  bad  effects  of  in- 
toxicating liquors.  It  is  even  recommended  as  a  wholesome  article  of 
diet  in  cases  of  dyspepsia  or  of  general  debility. 

Milk  vinegar. —-U  the  koumiss  be  kepi  in  a  warm  place  the  spirit  dis- 
appears and  vinegar  is  formed.  In  some  parts  of  Italy  a  milk  vinegar 
of  pleasant  quality  is  prepared  by  adding  honey,  sugar,  spirit,  and  a  lit- 
tle yeast  to  the  boded  whey,  and  setting  the  miitture  aside  to  ferment  in 
a  warm  place.     [II  latie  e  i  suoi  prodotti,  pp.  415  and  450.] 

I  24.   Of  ihe  composition  of  ike  saline  constituents  of  milk 

When  milk  is  boiled  down  to  dryness,  and  the  dry  residue  burned,  a 

small  quantity  of  !ish   remains  behind.      The  proportion  which   the 

weight  of  this  ash  bears  to  that  of  the  whole  milk  is  variable—as  the 

qualities  of  the  nulk  itself  are — so  that  1000  lbs.  will  leave  sometimes 


only  2  lbs.,  at  others  aa  much  as  7  lbs.  of  ash.  Thig  ash  consists  of  a 
miscure  of  common  salt  and  chloride  of  potassium  (p.  188),  with  ihe 
phosphates  of  lime,  magnesia,  and  iron.  The  relative  proportjuns  of 
these  several  substances  yielded  t>^  1000  !!>3.  of  the  milk  of  two  dif- 
ferent cowsi  were  as  follows  [Haidleo,  Annal.  der  Chem.  und  Phar.. 
xiv.,  p.  273] : 

Phosphate  of  lime 2-31  lbs.  3-44  lbs. 

Phosphate  of  magnesia     .     .     .  0'42     "  0'64     " 

Phosphate  of  peroxide  of  iron      .  0'07     "  0'07     " 

Chloride  of  potassium  .     .     .     .  1-44     "  1-83     " 

Chloride  of  sodium 6'24     "  0-34     " 

Free  soda 0-42    "  0-45    " 

4-90     "  6-77     '■ 

It  is  probable  that  the  phosphates  and  chlorides  existed  as  such  in  the 
milk  as  it  came  frgm  the  cow,  the  fiee  soda  in  believed  to  have  been  in 
combination  with  the  casein,  and  to  have  held  it  in  solution  in  the  milk. 
You  will  recollect  that  the  explanalion  I  have  given  of  the  curdling  of 
milk  is,  that  the  acid  produced  in,  or  added  to,  tiw  milk,  takes  this  soda 
from  the  casein,  and  renders  it  insolnble  in  water,  and  that  in  conse- 
quence it  separates  in  the  form  ofourd  {see  p.  566). 

§  S5.  Purposes  tereed  by  niUk  in  Ike  animal  economy. 

Milk  is  the  food  provided  for  the  young  aninial,  at  a  period  when  it  is 
unable  to  seek  food  for  itself.     It  consists,  as  we  have  seen,  of — 

1".  The  casein  or  cnrd. — This  being  almost  identical  in  constitution 
with  the  lean  part  or  Jibnn  of  the  muscles  serves  to  promote  the  growth 
of  the  flesh  of  the  animal. 

2°,  JAe  fat  or  batter,  which  is  mainly  expended  in  supplying  fat  to 
those  parts  of  the  body  in  which  fat  is  usually  deposited; 

3°.  The  sugar,  wluch  is  probably  consumed  by  the  lungs  during  re- 
spiration. 

4".  Tke  saline  matter,  from  which  come  Ihe  salts  contained  in  the 
blood,  and  the  earthy  part  of  the  bones  of  young  and  growing  anicials 
fed  upon  milk. 

These  several  purposes  served  by  millt  will  come  again  under  our 
eon^eralioQ  in  the  following  lecture. 


KOTES. 
1°.  On  tke  churning  of  butler  in  tke  Frenck  chum. 
Mr.  Burnett,  of  Gad^rlh,  has  favoured  me  with  the  following  infor- 
mation regarding  the  merits  <£  the  French  churn  nieDlioned  in  page 
555.— 

"1  see  you  make  mention,  in  page  555  of  your  Lectures,  nf  a  churn 
lately  introduced  by  Mr.  Blacker  from  France.  I  got  one  of  these  from 
Mr.  Blacker  about  two  years  ago,  and  have  proved  its  merits  to  be  very 
great.     I  use  none  else,  and  have  been  the  means  of  distiibutine  it  oVer 
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different  parts  of  England  and  Scotland.  It  is  made  of  tin,  of  a  barrel 
shape,  and  is  placed  in  a  tioiigh  of  water,  healed  or  otherwise,  to  convey 
the  proper  temperature  to  die  cream.  I  have  tried  many  experi- 
ments to  ascertain  the  proper  temperature  for  churning  cream  in 
this  churn,  and  have  found  that  58°  F-  produces  the  best  quality  of  but- 
ter in  the  shortest  tiihe — the  time  ■  occupied  being  from  ten  to  twenty 
minutes.  At  GCitwaa  often  done  in  five  to  seven  minutes,  and  although 
a  little  soft  at  first,  produced  butter  of  a  good  colour  and  (juality — on  no 
occasion  was  it  ever  white.  I  also  tried  56°  F.  It  took  generally  one 
hour,  was  harder,  but  no  better  in  quality  than  that  of  58°. 

"  With  regard  tolhequaniily  of  butter  from  a  given  quantity  of  creiim, 
I  found  that  in  July,  when  the  cows  were  on  good  pasture,  and  c  — '- 
ally  hotfse-fed  on  clover — 

16  quarts  of  cream  produceii     .     12  lbs.    8  oz, 
34       do,         do,  do,  .     IG  lbs.  12  oz. 

30      do.        do.  do.         ..    20  Ibs^    B  oz. 


50  quarts  of  cream  produced  .     .     33  lbs. 

50  quarts  of  cream  prodiieed  .     .     32  lbs.  4  oz. 
60     do.-       do.  do.         .     .     4(Hbs. 

Or  the  whole  dx  quarts  ofcream.m  July  gave  4  lbs.  of  hutter. 

"  On  churning  the  lohme  milk  in  this  churn,  100  quarts  of  milk  at  60° 
produced  8  lbs.  of  butter  of  excellent  quality  in  one  hour  and  a  half — 3 
quarts  of  hot  water  were  put  into  the  chum  according  (o  'he  old  system. 

"  lOO  quarts  of  milk  from  the  iame  cows  at  64°  produced  only  7  lbs. 
of  butter  of  a  soft  and  inferior  quality,  aird  took  two  hours  to  chtu-n,  16 
quarts  of  hot  water  being  put  into  the  churn  on  this  occasion. 

"  The  whole  milk  was  sometimes  churned  in  leas  than  one  hour,  but 
from  that  to  one  hour  and  a  half  was  the  general  time  occupied,  whereas 
tliree  to  four  hours  is  the  time  occupied  in  churning  in  the  common  chum. 

"  To  ascertain  whether  the  whole  milk  or  the  cream,  produced  the 

Greatest  quantity  of  butter  in  this  churii,  I  took  the  milk  of  five  cows 
Ayrshire  breed)  for  one  week  in  JulyUast,  amounting  to  508  fjuatt&r- 
the  yield  of  butter  was  36  lbs.  11  oz.  I  then  took  the  same  ijuantity  of 
milk  from  the  same  cows  for  the  same  period  of  lime,  and  let  it  stand  for 
cream — the  butter  produced  was  37  ibs.  4  oz.  The  food  and  other  cir- 
cumstances were  quite  the  same. 

"  To  test  the  quality  of  my  butler,  I  sent  it  last  summer  to  a  show  at 
Ayr,  and  obtained  theseconc!  premium  both  for  fresh  and  salt;  the  heat 
at  which  it  was  churned  was  6S°,  and   the  lime  not  exceeding  half  an 

On  these  observations  of  Mr.  Burnett,  I  must  in  fairness  remark,  that 
several  other  persons  who  have  used  this  chum,  have  not  reported  by  any 
means  so  favourahly  of  its  merits.  Perhaps  they  have  not  known  how 
to  manage  it  so  skilfully. 

2°.  Quantity  of  milk  and  butter  yielded  hy  Ayrshire  cows. 

Mr.  Alexander,  of  Southbar,  haa  ftirniahed  me  with  the  folloyring  pro- 

1../..  ..Chxh^Ic 
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portions  of  cream  and  butter  yielded  by  his  dairy  of  38  enws,  at  Well- 
wood,  in  the  higher  part  of  Ayrshire,  near  Muirkirk,  during  six  several 
iays  in  November  and  December,  1843  : — 

November     1     .•-...     16  431 


December      7 19  43S 

In  all     ....     ■  112^  galls,  gave      263^ 
or,  seotn  quarts  of  cream  in  November  gave  four  pounds  of  butler, 

Tlie  cream  appears  from  (he  table  to  have  become  gradually  less  rich, 
though  the  whole  quantity  did  not  diminish. 

Mr.  Alexander  remarks,  that  "  the  proportion  of  cream  variea  in  his 
dairy  from  ^th  to  -r'ljth  of  the  bulk  of  the  milk,  and  that  the  Guernsey  or 
Highland,  or  any  bidck  or  biack-marked  cow,  gives  more  cream  from  the 
same  quantity  of  milk."     That  is,  they  giwe  a  richer  milk. 

This  is  a  carious  physiological  fact,  and  is  probably. related  lo  an  ob- 
aerviUion  made,  in  the  fatlenihg  of  these  races,  that  the  same  quantity  of 
food  goes  further  in  fattening  a  black  or  black-marked  ihan  a  dun  or  white 
beast.  Idonotsuppose  that  any  ihi&g  of  this  kind  has  been  observed  in  tha 
Durham  breed — as,  white  animals,  of  pure  blood,  are  often  great  favour- 
ites with  the  breeders  of  Tees^Water  stock. 

3".  Profit  of  making  butter  and  cheese  com^pared  wiih  that  of 
selling  the  milk. 

For  the  following  particular?  I  am  also  indebted  to  Mr.  Alexander. 
The  produce  of  cheese  and  butter  is  the  average  of  his  experience  at 
Wellwood,  in  Ayrshire. 

There  are  three  ways  in  whicTi  the  milk  is  usually  disposed  of.  It  is 
sold  in  the  state  of  new  milk,  or  it  is  made  into  full  milk  cheese,  and  the 
whey  given  to  pigs — or  it  is  made  into  butter,  and  the  skim-milk  sold,  or 
macfe  into  cheese,  or  given  to  pigs.  The  profit  of  each  of  these  three 
methods,  at  the  Ayrshire  prices,  is  as  follows  aj/proximately  : — 

s.  d. 

a. — 90quari3of  newmilk,  at2d.  aquart,  aresold  for         .         15     0 
i. — 90  quarts  of  new  milk  give  24  lbs.  of  full  milk  cheese, 

which,  at45d'.,.per  lb.  are  sold  for         .         .         .         .90 
The  whey  is  worth,  at  least 0     6 

9     6 
C. — 90  quarts  of  milk,  churned  altogether,  give  9  lbs.  of  butter, 

at9d.  .         ._ 6     9 

90  quarts  of  butter-milk,  at  \A.  per  quart  .         .         .         .39 


In  the  country,  where  the  butter-milli  c 
pigs,  and  does  not  yield  so  large  a  return. 


V  milk  give  18  qnarts  of  c 


18  quarO  of  bmter-mill;,  at  Jd 0     9 

70  quarts  of  skim-inilk,jat  Jd. 3  11 


WheD  the  akiia-milk  cannol  be  sold,  it  may  be  given  to  the  pigs,  oi 
it  may.  be  made  into  skim-milk  cheese.     In  the  latter  case  the  profit  is 


— Butter  and  butter-milk,  as  before       .... 
70  quarts  ofakim-milk  givo  IG  lbs.  of  cheese,  which,  : 


Thus  we  have  90  quarts  of  milk — 

5.  d. 
a — sold  as  new  milk,  worth  .  .  .  .  15  0 
5 — made  into  full-milk  cheese     ....  96 

c — made  into  butter  and  butter-milk,  where  the  latter 

can  be  sold  '. 10     (! 

(i-^made  into  butter  and  skim-milk,  where  the  latter 

can  be  sold 10    5 

e — made  into  buttef  and  skim-milk  cheese  .  ,  11  6 
In  thli  country,  ikerefore,  according  to  these  eakulalions,  the  most  pro- 
fitable way  is  to  make  butter  andskim-milit  cheese.  The  farmer  is  thus 
iu  a  great  measure  independent  of  an  adjoining  population.  The  small 
quantity  of  btitter-milk  he  ihus  obtains  be  wilt  easily  be  able  to  dispose 
of,  or  otherwise  to  employ  to  advantage. 

According  to  Mr.  Ayton,  it  is  still  more  proStable  to  feed  calves  with 
the  milk,  but  I  find  many  people  differ  from  him  on  this  point.  At  all 
events,  a  good  and  ready  market  is  required  for  (he  veal. 
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LECTURE  XXI. 

Of  thcfoeilineof  anlmala,  end  ihcmiipoBea  aerTedb;r  theit  food.— 8iit)ilanMB  of  which  Ihe 
puns  of  aniinsi  budiea  coniiat— Wbsiuw  no  tlie  nuhnalg  Usdie  Ibeee  lubBiBnceB—BTe 
the;  alliitwent  In  Ihe  Iwdt— Dw  of  the  aturcA,  gain,  and  max  eonuiiud  In  T«eisble 
tbsd.— FuDcUoiH  of  &  full-growD  anhniiL<-Of  Uie  rsepirBIlpD  oT  iniinHlH.— Oenar^orlgln 
and  nurposel  aerrsd  bj  Ihe  Ac  in  earalnmaa  uil  hsrfiiioFDUi  snhnBla.— Of  theiligesilvs 
pn>cea&  in  antnialE. — nu^sea  Barved  bv  Ibod  and  dlffasLEoo. — The  food  niaEobia  iha  J^- 
Erovrn  animaL—Neeeseilj  of  a  mixed  Ibod.— U  huuIds  and  Inereasea  Ihe  ftuenbig  anl- 

maL—RclBCiiB  fattening;  powers  of  dia^reni  kinria  of  Ibud How  lUrcamauinces  alTecl  Ihls 

fittlentng  prooetty.— Parpoaea  sen.edhy  faai  In  the  pregnant— In  Uie  joung  and  growUig 
uiiiiiala,  auch  as  the  calf-and  la  the  taUk  co-n.-^E^a  of  dlfikrenc  kbida  of  bad  on  Oie 
qoaliiy  of  the  milk,— Pailenli«  of  the  sow  n  the  mlUi  ISBaem  Jn  quiutltj-^iipedineDial, 

Srcumalaoc™  which alftcl  Uiese  ™lues.-S>il,'maiiure°rorin  In  which  the  feodiaglvBnj 

Havinq  in  the  preceding  lectures  considered  the  composition  of  the 
direct  products  of  the  soil-^-grains,  roots,  and  grasses — and  of  the  njost 
important  indirect  products — milli,  butter,  Bijd  cheese— the  only  part  of 
our  subject  which  now  remains  to  be  discussed  is  the  relative  values  of 
these  several  products  in  the  feeding  of  animals. 

Under  this  head  it  will  be  necessary  to  enquire  how  far  these  values 
are  affected  by  the  t^,  the  growth,  the  constitution,  and  race  of  the  ani- 
mal— by  the  purposes  for  which  it  is  fed — and  by  the  circumstances 
under  which  it  is  placed  while  the  food  is  adroinisteied  to  it. 

^1.  Of  Ike  substance  of  ivhick  the  parts  of  animals  consist. 
The  bodies  of  animals  consist  of  solid  and  fluid  patts. 
1°.  The  solid  parta  are  cliiefly  made  up  of  the  muscles,  the  fat,  and 
the  bones. 

a.  Themtwdw,  in  their  natural  state,  as  I  have  aheady  bad  occasion 
to  mention  (p.  444),  consist  in  100  paits  of  about — 

Dry  matter 93 

Water 77 

100 
so  that,  to  add  100  lbs.  to  me  weight  of  an  animal  in  the  form  of  muscle, 
only  23  lbs.  of  aoUd  matter  require  to  be  incorporated  with  its  system. 

When  the  muscular  or  lean  part  of  beef,  multon,  &c.,  is  washed 
ia  a  current  of  water  for  a  length  of  time — the  blood,  to  which  the  red 
colour  is  owing,  and  all  the  soluble  substances,  gradually  disappea)",  and 
the  muscle  becomes  perfectly  white.  In  this  state,  with  the  exception 
of  some  fatty  and  other  matters  which  still  remain  intermixed  with  it,  the 
white  mass  forms  what  is  known  to  chemists  by  the  name  ot  fibrin. 
This  name  is  given  to  it  because  it  forms  the  fibres  which  run  along  the 
m,uscles  and  constitute  the  greater  portion  of  their, substance. 

The  following  table  exhibits  the  relative  prop<ir^on3  of  muscular  fibre ' 
and  other  substauees  contained  in  the  flesh  of  several  different  animals  in 
its  natural  state,  [Schlosabergcr,  Annalen  der  Pharmacie,  December, 
1842,  p.  344] :— 


Muscular  fibre,ve9BBl  s  .nprres 

,  andcellulftraulj&lance.    .  17-5   15-0  lC-3   16-8   18-0   170   IGS   13  0   il'l 
Soluble  albumen  and  colout- 
ing  matlir  of  blood  (/lemo- 

Uism) 3-3     3'3    26     3-4     33     45     3-0     52     4-4 

AlcobolLceiU'Bct.containmg  (   .,     ^.,     j,,     ...  ,        ^  ^.^     j,^     ^.q     j.g 
^Ealine  matter .    .    .    .    .(  (^.^  ) 

S  ma'^''  *'°"'^"""^  i   ''^  ^■*'    ^■'^     ''■^^        ''^     ^'^  ^"^  ^"'^ 

Phosphate  of  lima,  with  a  lit- 
tle albumen*   tracfl  01  trace  trace    0-4      —       06  —  33 

Waiar  and  loss T7'5  7!(-7  T8-3  78  3  76-9   7G-0  77-3  80-1  80-5 

100    100   100    100   100    100    100    100    100 
The  proportions  in  the  above  table  are  not  to  be  regarded  as  constant ; 
tliey  fieera,  however,  to  shew  what  we  should  otherwise  expect,  IJiatjhe 
muscular  part  of  fishes  contains  a  less  proportion  of  fibrin  ihan  that  of 
land  animals  in  general. 

When  dried  beef  is  burned  it  leaves  about  4i  percent,  of  incombus- 
tible ash^or  100.  lbs.  of  the  muscle'  of  a  living  animal  in  its  natural 
state  contain  about  one  pound  of  saline  or  inorganic  matter. 

Of  this  inorganic  matter,  it  is  of  importance  to  know  that  about  two- 
ffltT/h  earmul  ^fhospkaU  of  lime.  Thus  to  add  100  lbs,  to  the  muscular 
part  of  a  full  grown  animal,  tliere  must  be  incorporated  with  its  substance 

Water 77  lbs. 

Fibrin,  with  a  little  fat      .         .  22     ■' 
Phosphate  of  lime     ...  |  " 

Other  saline  matters  .         .  J  " 

100. 

6.  I%e  fat  of  animals  consists,  like  the  fet  of  butter,  of  a  solid  and 
fliiid  portion.  The  fluid  fat  is  in  great  part  sciueezed  out  when  the  whole 
i;  subinitled  to  powerful  pressure. 

Ths  fiaid  portion  of  tlie  fat,  called  hy  chemists  oleine,_Bo  far  as  it  has 
yet  been  examined,  appears  to  be  identical  in  all  animals.  It  is  also  the 
same  thing  exactly  as  the  fluid  part  of  olive  oil,,  of  tlie  oil  of  almonds, 
and  of  the  oils  of  many  other  fruits.  It  esists  in  larger  quanliw  in  the 
fat  of  the  pig  than  in  that  of.  the  sheep,  and  hence  pork  fat  is  soiter  than 
beef  or  raullon  suet.  From  lard  it  is  now  expressed  on  a  great  scale  in 
the  United  States  of  America,  for  burning  in  lamps  and  for  otiier  uses. 
The  manufacturers  of  stearine  candles  express  it  fratn  beef  and  mutton 
fat,  but  chiefly  for  the  purpose  of  obtaining  the  solid  part  in  a  harder 
Btate,  that  it  may  make  a  more  beau^ful  and  less  fumble  candle.  The 
fluid  oil  of  animal  fats,  however,  is  known  to  differ  from  the  liiiuid  part 
of  butter  (buUer-oil)  described  "in  the  preceding  Lecture  (p.  5S9),  and 
from  the  fluid  part  of  linseed  and  other  similar  oils  which  dry,  and  form 

'  This  phoijphale  of  liaie  Is  over  and  alMve  Dial  ntiich  exists  nalurally  in,  sjid  is  inscfiBi- 
Bble  from,  llie  nauacaLir  Sbis  itself  ulid  ftaia  Tite  elbUDien. 
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a  kind  of  varnish  wheo  exposed  to  the  air.     These  latter  facts  are  not 
witllout  their  importance,  as  we  shall  hereafter  see. 

The  solid  ^art  o(  the  fat  of  animals  is  known  coVari^  to  a  certain  ex- 
tent among  different  races.  Thus  the  solid  fat  of  man  is  the  same  with 
that  of  the  goose,  and  with  that  which  exists  in  olive  oil  and  in  hotter. 
To  this  the  name  of  margarine  is  given.  But  the  solid  fet  of  the  eow, 
the  sheep,  the  horse,  and  the  pig,  dll&is  from  that  of  man,  and  is 
known  by  the  name  of  stearine. 

The  solid  and  flhid  parts  are  mised  together  in  diflerent  proportions  in 
the  fat,  not  only  of  diflerent  animals,  but  of  the  same-aaiiiial  at  difler- 
ent periods,  and  in  different  parts  of  its  body.  Hence  the  greater  hard- 
ness observed  in  the  auetthanin.other  portions  of  the  f'ut  of  beef  and  mut- 
ton, and  hence  also  the  diflerent  qnality  and  appearance  of  the  fat  of  an 
OS  according  to  the  kind  of  food  upon  which  it  has  been  fed  or  fattened. 

e.  The  bones,  like  the  muscles,  consistof  a  combuslible  and  aji  incom- 
bustible portion,  but  in  the  bones  the  inorganic  or  incombustible  part  is 
by  muoh  the  greater.  To  the  organic  liiauer  of  bones  the  name  of  gel- 
fliine  or  glue  is  given,  and  it  can  be  partly  extracted  from  them  by  boil- 
ing. The  proportion  of  gelatine  which  exists  in  bones  varies  'with  the 
kind  of  animal— fwith  ihe  part  of  the  body  from  which  the  bone  is  taken 
— and  very  often  with  the  age  and  state  of  health  of  the  animal,  and  with 
the  way  in  which  it  has  been^accustomed  to  be  fed.  Iiis  greater  in  spongy 
bones,  in  the  bones  cf  yonng  animals,  and  probably  also  in  the  bones  lA' 
euch  as  are  in  high-  condition.  In  perfectly  dry  bone  it  rarely  exceeds 
fro[n  35  to  40  per  ient.  of  the  whole  weight. 

The  innombustible  pordon  consists  fur  the  most  part  of  phosphate  and 
carbonate  of  lime.  .  The  relative  praponions  of  these  two  earthy  com- 
pounds also  vnry  with  (he  kind  of  animal,  with  its  age,  its  condition,  its 
food,  and  'ts  tat  f  healtl  To  form  100  lbs.  of  bone  the  animal  will 
usually  req  ir    to  po     e  with  its  own  substance  about — 

6  p    nd     (  gelatine, 
55  p       d      f  phosphate  of  lime, 
4  p  n  d      f  carbonate  of  lime, 

poun  1   of  phosphate  of  magnesia, 
3  p  u  d     f   oda,  poiash,  and  common  salt. 

100 
d.  Hair,  horn,  (tnd  wool,  are  distinguished  from  the  muscular  parts  of 
the  animal  body  by  the  lar^  propdrtion — about  five  per  cent.— of  sul- 
phur which  they  contain.  They  consist  of  a  substance  which  in  other 
respects  closely  resembles  glnten  and  gelatine  in  its  chemical  composi- 
tion (page  445).  When  burned,  they  leave  from  one  to  two  per  cent,  of 
ash,  which  in  the  case  of  a  variety  of  human  hair,  virhich  leftl'l  percent, 
of  ash,  was  found  by  Yan  Laer  to  consist  of — 

Solnble  chlorides  and  sulphates 0-51 

Oxide  of  iron 0-39 

Phosphate  and  sulphate  of  lime,  phosphate  of  magnesia  and  silica  .  0'90 

1-10 
The  inorganic  matter  containec!  in  l.ait  is  therefiire,  generally  speak- 


ing,  the  same  in  kind  as  that  which  exists  in  the  muscular  fihre  and  in 
the  boae.  It  contains  the  same  phosphate  of  lime  and  magnesia — the 
same  sulphates  and  the  same  chlorides,  among  wbich.  latter  common  salt 
h  the  most  abundant.  Tie  aiisolute  quantity  of  ash  or  inorganic  matter 
varies,  as  well  as  the  relative  proportions  in  which  theseveri  substances 
are  mixed  together  in  the  different  solid  parts  of  the  body,  but  the  sub- 
stances themselves  of  which  the  inorganic  matter  is  composed  are  nearly 
the  same,  wheclier  they  be  obtained  fram  the  bones,  from  the  muscles,  or 
from  .the  hair, 

2°.  Of  the  Jluid  parts  of  (he  body,  the  blood  is  the  most  important, 
and  by  far  the  most  abundant.  The  body  of  a  full  grown  man,  of  mo- 
derate dimensions,  contains  about  12  lbs.  of  blood,  [Lehmarm,  Physi- 
ologische  Chemie,  I.,  pp.  113  and  338,]  that  of  a  full  grown  ox,  six 
times  as  heavy,  cannot  contain  less  than  70  or  80  lbs.     Blood  consists  of 

Water 80 

Orj;anic  matter 19 


100 
The  organic  matter  consists  chiefly  of  fibrin,  whii^h,  when  the  blood 
coagulates,  forms  tlie  greater  part  of  the  clot — and  atalbwnen,  which  re- 
mains dissolved  in  the  serum  or  fluid  part  of  clotted  blood,  but  which, 
like  the  white  of  egg,  runs  together  iplo  insoluble  ckMs  when  the  serum 
is  heated. 

The. saline  matter  remains  dissolved  in  the  serum  after  the  albumen 
has  been  separated  by  healing,'  and  consists  chlefiy  of  phosphates,  sul- 
phates, and  chlorides — nearly  the  same  compounds  as  exist  in  the  soluble 
part  of' the  ash  left  by  the  solid  parts  of  the  body. 

Besides  this  soluble  saline  matter  which  remains  in  the  serum,  a  por- 
nd  a  small  quantity  of  phosphate  of  magnesia 
a  tlie.  albumen  of  the  blood.    Thus  in  the  dry 
in  respectively  of  the  mixed  phosphates — ■ 
Albumen  of  ox  blood     .     .     .     .     1'8  per  cent.  )  ,t,        v      ^ 
Fibrin  of  human  blood  ....     0-7  per  cent.  \  ^^^^eiius.) 
Thus  the  same  saline  and  earOiy  eompoutidt,  whkk  form  so  large  a 
fortion  of  the  bones,   are  distributed  every  inhere  in  sensible  proportions 
throughout  all  ihe  mare  important  solids  and  fluids  of  the  body 

§  2.  Whence  does  the  body  oblain  these  substances  7  Are  (hey  contained 
in  the  food  ? 

Whence  does  the  body  derive  all. the  substances  of  which  its  several 
parts  consist?. 

The  answer  to  this  question  appears  at  firs!  sight  to  be  easy.  Thev 
must  be  obtained  from  the  food.  But  when  the  enquiry  is  further  con- 
sidered, a  reply  to  it  is  not  so  readily  given. 

It  is  true,  indeed,  (hat  Ihe  organic  part  of  the  food  contains  carbon, 
hydrogen,  oxygen,  and  nitrogen — the  elements  of  whicb  the  organic  parts 
of  the  body  are  composed.     The  in-organic  matter  also  which  ex'' 


a;>h,3Ic 


tha  (bod  contains  the  lime,  ihe  magnesia,  the  potash,  the  soda,  the  sul- 
phur, the  phosphorus,  and  the  iron,  which  exist  iu  the  inorganic  parts  of 
the  aaimal  bmiy — so  that  the  question  aeenia  already  resolved.  The 
body  obtains  from  the  ibod  all  the  elements  of  which  it  consists,  and 
if  these  be  not  present  in  the  food,  the  body  of  the  animal  cannot  be 
properly  biiilt  up  and  eupported. 

Bui  to  the  chemist  and  physiologist  the  more  important  part  of  the 
question  still  remains.  In  vkat  sla^  do  these  elements  enter  into  the^ 
body  ?  Are  the  substances  of  which  thfe  food  consists  decomposed  after 
they  are  taken  into  the  stomach  1  Are  their  parts  first  torn  asunder^  and 
then  re-united  in. a  different  way,"  so  as  to  forin  the  qhemical  conipounds 
of  which  the  muscles,  bones,  and  blood  consist?  Are  the  vital  powers 
bound  to  labour,  as  it  were,  for  the  e^^stence  and  support  of  the  body  ? 
Do  they  compound  or  build  up  out  of  their  ultimate  elements  the  various 
substances  of  which  the  body  is  composed — or  do  they  obtain  these  aub- 
Btaoces  ready  prepared  from  the  vegetable  food  on  which  animals,  in 
general,  are  fed  ?  The  answer  which  recent  chemical  researches  give  to 
this  second  question  forms  one  of  the  most 'beautiful  contributions  which 
have  been  made  to  animal  physiology  in  our  time. 

1".  We  have  seen  chat  the  flour  of  wheat  and  of  our  other  cultivated 
grains  consists  in  part  of  glutep,  of  albumen,  or  of  casein.  These  sub- 
Btamies  all  contain  Jiitrogen,  and  are  identical  in  constitution  with  each 
other,  and  with  the  fibrin  of  which  the  muscles  of  animals  chiefly  con- 
sist.* .The  substance  of  the  muscles  exists  reatly  formed,  therefore,  in  the 
food  which  the  animal  eats.  The  labour  of  the  stomach  is  in  conse- 
quence restricted  to  that  of  merely  selecting  these 'suhatances  froiji  tiie 
foDil  and  dispatching  them  to  tlie  several  parts  of  the  body,  whwe  they 
are  required.  The  plant  compounds  and  prepares  Ihe  materials  of  the 
muscles — fhsstooiach  only  picksout  (he  bricks,  as  it  were,  from  ihe  otiier 
building  materials,  and  sends  them  forward  to  be  placed  where  tliey 
happen  to  be  wanted. 

""     '      '  '  leen  that  in  all  our  crops,  so  far  as  they  have 

lists  a  sensible  proportioo  of  fatty  or  oily  ihatter 
o  the  seveifal  khids  of  fat  which  exist  in  the  boJiea 
of  animals.  In  regard  Ipthis  pordoo,  therefore,  of  the  body,  the  vege- 
table performs  also  the  larger  part  of  the  labour.  It  builds  up  fatly  sub- 
stances out  of  their  elements — carbon,  hydrogen,  and  nilrogen.  These 
substances  the  stomach  extracts  from  the  food,  and  the  body  appmpriaies 
them,  aftei  they  have  been  more  or  less  slightly  changed,  iii  order  (0 
adapt  them  to  their  several  purposes..  There  may  possibly  be  other 
sources  of  fat,  as  we  shall  hereafter  see,  but  the  simplest,  the  inost  na- 
tural— and  prabably,  where  a  sufficient  supply  exists,  the  only  one  had 
recourse  to  by  the  healthy  animal — is  the  fat  which  is  found,  reuily 
formed,  in  llje  vegetable  food  it  eats. 

3=.  Further,  the  bones,  the  muscles,  and  the  blood,  contain  phospliate 
ita[8  of  onr  JmowledfiP  npon  Uliasnh. 


of  lime,  plio^hate  of  magnesia,  common  sail,  and  other  saline  com- 
pounds. These  same  compounds'  exisl,  ready  formed,  in  the  vegetable 
food,  Hssocialed  generally  wiiii  the  gluten,  iba  albumen,  or  the  caseta, 
it  contains.  The  materials  of  the  harder  parts  of  tlie  body,  therelbfe — 
(the  phosphates)  as  well  as  the  inorganic  saline  substances  wliich  are 
found  in  the  blood,  and  in  the  other  fiuida  of  the  body — are  all  formed  in 
or  by  the  plant,  or  are  by  it  eittracted  fi','m  the  soil  and  incorporated  with 
the  food  on  which  the  animal  is  to  live. 

Not  only,  therefore,  do  the  mere  elements  of  which  the  parts  of  the 
bodies  of  animals  are  formed,  esiat  in  the  food — but  they  occur  in  it,  put- 
together  and  combined,  nearly  in  the  state  in  which  they  are  wanted,  in 
order  to  form  the  several  solids  and  fluids  of  the  hody.  The  plaut,  in 
short,,  is  the  compounder  of  the  raw  materials  of  living  bodies.  The  ani- 
mal uses  up,  these  raw  materials^ — cutting  them  into  shape  when  neces- 
sary, and  fitting  them  to  the  several  places  into  which  they  are  intended 
to  be  built. 

This  is  a  very  simple,  and  yet  a  very  beautiful  view  of  one  of  the 
many  forms  of  chemical  connection  which  exist  between  the  processes 
and  purposes  of  animal  and  vegetable  life;  Nature  seems  to  divide  the 
burden  of  building  up  livitig  bodies  between  the  vegetable  and  the  animal 
kingdoms — the  lower  appealing  to  exist  and  to  labour  ouly  for  Uie  good 
of  the  higher  race  of  bemga. 

§  3.  Of  iherespiratiart  of  animals,  ^nd  of  the  purposes  served  by  the  starch, 
gum,  mid  sugar,  contained  in  vegetable  food. 

But,  besides. the  gluten  of  plants  aiid  seeds,  which  supplies  the  mate- 
rials from  which  the  muscular  parte  of  animals  are  formed,  theoil  which 
is  coiiv«rted  into  (he  fat  of  animals,  anJ  the  saline  and  earthy  matters 
of  plants  which  Supply  tlie  aalts  of  the  blood  and  the  earth  of  theibones^ 
vegetable  food  in  geiieral  dbntEuiJS  a  large  proportion  of  starch,  sugar, 
gam,  and  oth'er  substances  which  consist  of  carbon  and  the  elements  of 
water  only  (p.  111).  What  purpose  is  served  by  this  part  o[  (he  food  T 
Is  it  merely  taken  into  the  stomach  and  again  rejected,  or  is  it  decom- 
posed and  made  to  serve  some  vital,  purpose  in  tlie  economy  of  the 
living  animal!  .  From  the  fact  tliat  so  large  a  paMof  all  vegetable  food 
consists  of  these  substances,  we  might  infer  that  they  were  destined  to 
serve  some  important  purpose  in  the  animal  economy.  To  the  herbiv- 
orous animal  they  are,'  in  fact,  almost  necessary  for  the  support  of  a 
healthy  life. 

In  order  to  understand  this  fact,  it  will  be  necessary  briefly  to  advert  to 
the  respiration  of  animals — the  chemical  changes  produced  by  it,  and 
the  purposes  it  is  supposed  to  serve  in  the  animal  economy. 

1°.  Of  Ihe  funetiwt  of  respiration. — All  animals  possessed  of  lungs  al- 
ternately inhale  and  exhale,  the  atmospheric  air.  They  breathe,  that  is, 
or  respire.  The  air  they.draw  into  their  lungs,  supposing  it  to  be  dry, 
consLsis  by  volume  {pp.  32  airf  148)  very  nearly  of — 

Nitrogeu  79'16 

Oxygen SO'SO 

Carbonic  act.',  0'04 


100 


.t,  Google 


— ihe  proporlion  of  carbonic  acid  being  very  small.     But  as  it  is 

3nt  again  it  consists  of  about — 

Nitrogea 79-16 

Oxygen 16-84  to  12 

Carbonic  acid 4-00  to    8 


100 
— the  proportion  of  oxygen  being  considerably  lees,  that  of  catbonic  acid 
very  much  greater,  than  before.  ■  On  an  average  the  natural  projiortion 
of  carbonic  acid  in, lie  air  ia  found  to.be  increased  100  times  after  it  is 
expelled  by  breathing  from  the  lungs, 

Now  carbonic  acia  consists,  as  we  have  previously  seen,  of  carbon  and 
ouygeri.  In  breathing,  therefore,  ihe  animal  throws  oS'  into  the  air  a 
quantity  of  carbon — in  the  form  of  carbonic-  acid — which  varies,  at  dif- 
ferent tirade,  jii  different  a pecies-of  animals,  and  in  diHerent  individuals  of 
the  same  species.  By  a  healthy  man  the  quantity  of  carbon  thus 
thrown  off  varies  from  5  to  13  ounces,  and  by  a  cow  or  a  horse  from  3  to 
5  pounds,  in  24  hours.  All  this  carbon  must  be  derived  from  the  food. 
,The  animal  eats,  therefore,  not  merely  to  support  or  to  add  weight  to  its 
body,  bul  to  supply  the  carbon  also  which  is  wasted  by  respiration. 

2°.  Bow  Ihe  respiration  ie  fed- — What  part  of  the  food  supplies  the 
waste  caused  by  respiration  1     How  is  the  respiration  fed  ! 

lu  animals  wliich  live  upon  flesh — carnivorous  animals — it-  is  the  fat 
of  their  food  from  which  the  carbon  given  off'  by  their  lungsis  derived. 
It  ia  only  when  the  fat  fails  in  qiiantity  that  the  lean  or  muscular  part 
of  the  flesh  they  eat  is  decomposed  for  the  purpose  of  supplying  carbon 
to  their  lungs. 

In  an  animal  to  which  no  food  is  given  for  a  time,  the  lungs  are  fed, 
so  to  speak,  from  fat  also.  But  in  this  case  it  is  the  living  tat  of  the 
animal's  own  body.  When  digestion  is  fully  performed  and  hunger  is 
keenly  experienced,  the.  body  begips  to  feed  upon  itself— the  lungs  still 
play,  respiration  continues  for  many  days  after  fixid  has  ceased  to  be  ad- 
ministered, but  the  carbon  ^ven  off  is  derived  from  the  subsiance  of  the 
body  itself.  The  fat  first  disappears — escapes  with  the  breath — and  af- 
terwardsthe  muscular  part  is  aKacked.  Hence  the  emaciation  which 
follows  a  prolonged  abstinence  from  food. 

la  animals  which  live  upon  vegetable  food  again — herbivorous  ani- 
mals— it  is  the  starch,  gum,  and  sugar,  of  the  food  which  supply  tlu 
carbon  &r  respiration.  It  is  only  when  the  food  does  not  contain  a  suf 
ficient  supply  of  these  compDunds  that  the  oil  first,  pnd  then  the  gluten, 
are  decomposed,  and  made  to  yield  their  carbon  to  the  lungs. 

In  man,  who  lives  on  both  kinds  of  food,  and  in  the  domestic  dog,  and 
the  pig,'which  also  eat  indifferently  both  animal  and  vegetable  foiid,  the 
carbon  of  respiration  may  be  derived  in  pait,lrom  the  fat,  and  in  part 
from  (he  starch  and  sugar  which  they  eat — according,  as  they  are  chiefly 
supported  by  the  one  or  by  the  other  kind  of  food. 

It  may  be  asked  how  we  know  that  such  are  the  parts  of  the  food,  to 
which  the  duty  of  supplying  the  demands  of  the  lungs  is  especially  com- 
mitted. There  are  several  considerations  which  lend  force  to  this  opin- 
ion.    Of  these  I  will  dra«'  your  attention  to  one  or  two. 

a.  Why  is  the  fa'  rather  ilian  the  lean  part  of  the  food  of  ct 
1../..  ..CkxiQl 
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animals  devoted  to  the  service  of  the  lungs,  and  why  do  starving  ani- 
itiala  lose  their  fat  first  I  Because  the  chemical  decomposition  by  which 
carbou  can  be  derived  from  the  fat  is  sii^pler  and  more  easily  effected 
thau  dial  by  which  it  can  be  obauiied  from  muscular  fibre.  By  combi- 
nation with  osygeri,  fat  can  be  converted  into  carbonic  acid  and  water 
only,  of  which  die  former  will  pasaoffby  tlie  lungs  and  the  latter  in  the 
urine.  ■  The  muscular  fibre,  on  the  other  hand,  contains  much  nitrogen 
(p.  441),  and,  if  deprived  of  its  carbon  for  the  uses  of  respiration,  must 
undergo  very  complicated  decompositions,  and  form  a  series  of  com- 
pounife,  the  use  of  which,  in  the  animal  economy,  it  is  not  easy  to  perceive. 

Besides,  in  producing  the  carbonic  acid  of  the  lunns  from  the  fat  of  the 
animal  food  or  of  the  living  body,  there  is  less  waste  of  material.  Fat 
(lonsUts.whoUy  of  the  three  elements,  carbon,  hydrogen,  and  oxygen. 
Tliese  all  disappear  entirely  in  the  form  of  carbonic  acid  and  water — both 
of  which  ate  used  up.  Muscle,  on  the  other  haiid,  beades  nitrogen,  con- 
tains a. constant  proportion  of  sulphur  and  phosphorus.  If  the  muscle, 
then,  be  decomposed  for  the  purpose  of  supplying  carbon  to  the  lungs, 
not  only  the  large  quantity  of  nitrogen,  but  the  sulphate  and  phosphorus 
also,  would  go  to  waste,  and  would  pass  off  in  the  urine.  In  nature, 
however,  such  waste  is  rarely  seen  to  tate  place ;  and,  therefore,  as  a 
general  rule,  the  respiration  will  be  supported  by  the  muscular  fibre  only 
when  other  kinds  of  food  are  deficient. 

B.  But  in  the  stomachs  oS kerbiiiorous  animals,  why  are  the  starch  and 
sugar  especially  appropriated  to  the  use  of  the  lungs  1  The  food  of  ani- 
mils  which  live  upon  vegetable  substances  contains  fat  as  well  as  starch. 
— why  then  is  the  starch  in  this  case  dissipated  by  the  process  of  respira- 
tion, while  the  fat  is  applied  as  it  is  supposed  to  another  use  7  The 
answer  to  tiiis  question  is  both  beautiful  and  satisfactory. 

Starch,  gum,  and  sugar,  consist  of  carbon  and  water  only,  and  we  can 
conceive  them  in  their  passage  through  the  body  to  be  actually  separated 
into  these  two  substances — in  which  case  the  carbon  has  only  to  combine 
withoicygen  and  foriii  carbonic  acid,  to  be  ready  to  pass  off  by  the  lungs. 
Here,  therefore,  only  one  chemical  combination  is  required — the  union 
of  carbon  with  oxygen.  It  is  the  simplest  way  in  which  we  can  con- 
ceive carbon  to  be  supfilied  for  the  use,  or  for  the  purposes  of  the  lungs.* 

But  it  is  otherwise  with  fat.  Thoughnearly  all  kinds  of  fat  consist  en- 
tirely of  carbon,  hydrogen,  and  oxygen— yet  they  cannot  be  supposed  to 
consist  onlyofcarSon  and  water.  Theycontain  much  more  hydrogen  than 
19  necessary  to  form  water  with  the  oxygen  which  is  present  in  them.  If, 
liien,  the  carbon  of  these  fats  bo  separated,  this  excess  of  hydrogen  will 
also  be  set  free,  and  if  the  former  be  niade  to  combine  with  oxygen  to 
lijrni  carbonic  acid,  the  latter  must  also  combine  with  hydrogen  to  form 
water.  Thus  two  chemical  changes  must  ^  on  simultaneously,  for 
which  more  oxygen  will 'be  required,  and  which  involve  more  labour  in 
the  system  than  when  the  carbon  alone  is  to  be  combined  with  oxygen. 
It  is  natural,  therefore,  that  where  both  starch  and  oil  are  present  to- 
gether, the  former  should  be  first  converted  to  the  uses  of  the  lungs,  the 
tatter  only  when  the  supply  of  starch  or  sugar  has  been  exhausted. 


There  appears,  therefore,  to  he  a  beautiful  adaptation  to  the  wants  and 
convenienceof  animals  in  the  large  proportion  of  starch,  gum,  and  su^ar, 
which  themoreahuadant  varieties  of  vegetable  food  coQt^DS.  In  obtaining 
carbon  from  these,  the  least  possible  labour,  so  to  speali,  is  imposed  upon 
the  digestive  organs  of  the  herbivorous  races-  The  starch  and  sugar 
abound  because  much  carbon  is  reqilired,  while  fatty  matter  or  oil  is 
present  in  smaller  quantity,  because  comparatively  little  of  this  is  neces- 
sary to  ihe  performance  of  the  usual  healthy_  functions  of  the  animal  ■ 
body.  And  it  is  another  adaptation  of  the  living  body  to  the  circum- 
stances in  which  it  may  be  placed,  that  when  starch  or  sugar  cannot  be 
obtained,  the  oil  of  the  food  is  consumed  for  tlie  supply  of  carbon  to  the 
lungs — and  failing  this  also,  the  gluten  and  albumen  of  the  vegetable  food 
or  the  muscular  fibre  of  the  aoimal  food,  or  even  of  the  living  animal  it- 
self. 

3°.  Purposes  served  by  resmration. — But  for  what  purpose  essential  to 
life  do  animals  respire  ?  If  the  starch  and  sugar  be  so  necessary  to  feed 
the  respiration — the  breathing  itself  must  be  of  vital  importance  to  the 
living  animal. 

Soirte  doubts  still  exist  upon  this  point.  It  is  generally  believed, 
however,  that  carbon  is  consumed  or  ^ven  o£f  from  the  lung^  forthe  pur- 
pose of  sustaining  the  heat  of  the  living  body.  When  starch,  or  sugar, 
or  gum,  are  burned  in  the  open  air,  they  are  changed  into  carbonic  acid 
and  water,  and  at  the  same  time  produce  much  heat.  It  is  supposed  that 
in  tho  body  the  same  change— the  conversion  of  starch  and  sugar  into 
carbonic  acid  and  water — taking  place,  heat  must  in  like  manner  be  pro- 
duced. A  slow,  combustion,  in  sbort^  is  supposed  to  be  going  on  in  the 
interior  of  the  animal — the  heal  of  the  body  being  greater,  in  proportion 
to  tlie  quantity  of  .carbonic  acid  given  off  from  the  lungs.  In  favour  of 
this  view  many  strong  reasons  have  been  advanced,  but  there  are  also 
objections  i^ainst  it  of  considerable  weight,  which  cannot  as  yet  be  satis- 
factorily removed. 

Were  we  to  adopt  this  opinion  in  regard  to  the  main  purpose  sarveil  by 
respiration  as  the  (rue  one,  it  would  atlbrd  a  very  distinct  reason  Ibr  the 
large  amount  of  starch  existing  in  all  our  cultivated  crops.  Respiration, 
according  lo  this  view,  is  necessary  to  supply  Keat  to  the  animal,  and 
this  respiration  is  most  simply  and  easily  fed  by  the  starch  contained  in 
the  vegetable  food.  The  life  and  labours  of  the  plant  again  minister  to 
the  life  and  labours  of  (he  animal. 

5  4.   Of  tke  origin  and  the  purposes  served  by  /fte  fat  of  animals. 

1°.  The  immediate  ori^n  or  source  of  the  fat  of  animals  depends  upon 
the  kind  of  food  with  which  the  animal  is  fed.  Carnivorous  animals 
obtain  or  extract  it  ready  formed  from  the  flesh  they  eat—herbivorous 
animals  from  the  vegetable  food  on  which  they  live. 

It  has  only  been  lately  shown  that  the  corn,  hay,  roots,  and  herbage, 
on  which  cattle  are  fed,  contain  a  sufficient  quantity  of  oUy  matter  ready 
formed  to  supply  all  the  fat  which  accumulates  in  their  bodies — or  which, 
by  the  milk  cow,  is  yielded  in  the  form  of  butter.  Before  the  diflerent 
kinds  of  food  had  been  analyzed,  with  the  view  of  determining  the  quan- 
tity of  oil  and  fat  they  sevemlly  contain,  it  was  supposed  that  the  fat  of 
aninials  was  derived  almost  solely  from  tl(e  starcl(  ^d  3l<^  ^a^ip,  of 


which  so  large  a  proportion  of  vegetable  food  consists.  This  opinion, 
however,  has  given  way  before  the  advance  of  analytical  research. 
Animals  fallen  quickest  upon  Indian  corn,  or  oil  cake,  or  oil  mixed  with 
chopped  straw,  or  upon  oity  seeds  and  nuts — or,  as  in  the  case  of  poultry, 
on  a  mixtore  of  meal  or  suet — because  these  kinds  of  food  contain  alarge 
proportion  of  fatty  matter  ready  formed  which  the  animal  can  easily  ex- 
tract, and  after  a  slight  chemical  change  can  convert  into  a  portion  of  its 
own  substance. 

The  conversion  of  starch  or  sugar  into  fat  in  the  animal  body  implies 
a  chemical  change'of  a  less  simple  nature— one  which  seetns  to  impose 
u|K)Q  the  vital  principle  a  greater  amount  of  labour  than  is  implied  in  the 
simple  appropriation  of  the  fat  which  exists  ready  formed  in  the  food.  If, 
then,  there  be  in  the  food  as  much  fat  as  is  necessary  to  supply  all  that 
the  animal  appropriates  to  itself,  atid  if  it  ia  observed  to  lay  on  or  appro- 
priate more  when  the  food  is  licher  in  fatty  pils,  we  are  led  to  believe 
that  (he  natural  purpose  served  by  the  oil  in  the  vegetable  food  is  to  supply 
the  fat  of  the  animal  body.  In  other  words,  the  vegetable  ministers  to  the 
animal  and  lessens-its  labour  by  preparing  beforehand  the 'materials  out 
of  which  tlie  aniOial  is  to  build  up  1  he  fatty  parts  of  its  body. 

But  though  this-isthe  general,  source  of  the. fat  of  aniKiala,  circum-. 
stances  may  occjir  in- which  the  only  vegetable  food  which  the  animal  can 
procure  does  not  contain  a  sufficient  proportion  of  fat , to  supply  all  the 
wants  of  its  body — or  to  enable-it  to  perform  the  sevsfal  nauind  functions 
it  is  destined  to  fulfil.  Thus  wax  is  a  kind  of  fat,  and  it  has  been  shown 
(Milne  Edwards)  that,  when  fed  npofi  pure  sugar,  the  bee  is  capable.of 
forming  wax  froni  its  food.  When  fed  iipon  such  sugar,  it  notonly  lays 
up  a  store  of  honey,  but  it  continues  to  build  its  ceils  of  wax.  Now  the 
starch  of  the  food  is  readily  changed  into  sugar.  It  niay  be  so  changed 
in  the  stomach  of  man  and  of  other  animals.  That  power  which  the  bee 
possesses  they  also  may  in  cases  of  emergency  be  able  to  exercise. 
Where  a  sufficient  supply  of  oil  lor  the  necessary  uses  of  the-animal  is 
not  contained  in  the  food  it'eats,  it  may  form  an  additional  portion  from 
the  starch  or  sugar  in  which  its  food  abounds. 

According  to  the  present  state  of  our  knowledge,  therefore,  the  most 
probable  opinion  in  regard  to  the  origin'of  tlie  fat  of  animals  seems  to  be 
expressed  in  these  two  proposition. 

a.  That  the  fat  of  animals  is  contained  ready  formed,  and  is  usually 
derived  from  the  vegetable  or  otlier  food  on  which  the;y  live— and  that 
when  the  food  abounds  largely  in  fat,  the  animal  lays  it  more  i^uickly 
and  abundantly  upon  its  own  body. 

b.  That  when  the  food  does  not  contain  a  sufficient  proportion  of  fat  to 
enable  the  animal  comfortably  to  perform  the  various  functions  of  its 
body,  it  has  the  power  to  Ibrm-an  additional  quantity  from  the  starch  or 
sugar  it  eats— ^hut  that  it  will  not  readily  fatten  or  lay  on  large  additions 
of  fat  upon  its  body  when  fed  upon  farinaceous,  saccharine,  or  other  food 
in  which  oil  is  not  naturally  Contained.* 

chemical  cftangeB— 1°,  Ihe  fal  ofsnimalB  in  general  may  be  a erivcd  fi-om  ILiealarchoraiiear 
of  ihoirfood:  and  2',  how  Ihe  peculiar  kinds  fif  fal  coqiaiiietl  In  Iha  hody  ptoiij  givtn  anl- 
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2°.   Tlte  purposes  served  by  the  fat. — In  all  healthy  animals  wliich 
take  a  sufficient  quantity  of  exercise  to  mainiaiu  them  m  a  healthy  con- 

Slarch, oonslsHng  of  12    +    10,  represenled  by  Cu  Hio  Oio 

flit, iiB8iii,niaraamie 'for example,  lh«  solid  fftt  of  Ihs  human  body,  la  repreaenledip, 
659,  noK,>  b;  On  Ihm  Os.   Compaia  llils  wl[b  4  of  slarch,  and  we  haie— 

4  of  stareh  r=  Cm  Hw  Oio 

1  of  margaiioe z=  Cjt  Has  Os. 

Diffsrenoa .^  =  Cii.HlOal 

^I'of  ckrtomo'^icLd  4-  4™  mur 
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That  In  soms  such  •say  Iheae  aubelances  may  bs  oharigflLl  Into  Iba  fill  of  animals  mas  Aral 
InslUsd  apon  sad  eiplaioed  by  Lleblj ;  and  it  Is  probable,  as  I  hiis  said  In  Ihe  lexL.  Ihu  in 
caaeior  BmeisanayTaiiar»%focmad  bilbsaDtnul  boilf  nv)miuch  binds  of  food.  Uiit 
ntisa  Lteblf  put  foiUi  ItiBHeinaalblasiibjscl,!!  was  nqctainwn  (hat  vegsisble  Eub31anc<!9 

casalty  for  the  canilant  pnduoIloD  or  fbrmaUon  of  (^  bi  Uie  tnriyltaelljUiarerole,  isnol  now 
Eoapporarit,  anilthfl  aoijodaat.  oplDloii)  rLcconUnff  to  onr  prooeat' koowledge,  aeema  Lo  be 
Ihu,  wnile  Ihe  TeeBlabls  food  «Kuii^  supplies  all  Uie  tU  raady  formed  which  ttiB  animal  re< 
guiraa,  yei  that  a  eoavsnton  of  ■  cartuo  part  of  the  etaroh,  giun,  gngax,  tuld  eTan  of  Ihe  cel- 
lulur  sWa  of  the  fiiod,  iulo  fal,  may  take  place,  whan  all  lbs  waata  of  the  body  ari  not  sup- 
pllod  by  Iha  Iht  whioh  (ha  food  mlanlly  canlaliu.    Of  poarae  Ihta  i^iIdIoii  applies  only  to 

sISAt  prodiicUoa  of  fill  from  the  food  ntiy  lake  plaoe,  ax  appaara  a>  betbe  cuse  in  anlmala 
which  nn  dimliiiulon  of  food  aearaa  Co  prevent  from  kying  on  fal.  ' 
2".  ffoio  Ihe  pifuUarUttda  offal  in  ITtciodunu^  be  diriBoifrom  Ihe  peculiar  kinda  of  fm 

parts  of  Ihe  bndy  where  tliey  are  required.  From  Ihis  oiroumslonoa  cheae  Itinda  of  f«  eeem 
remarttaMy  fitted  for  the  fooJ  of  mm, 

b.  The  solid  blo'f  the  ox  and  the  sheep  Is  nailed  steerlno.  ITpon  Ihis  man  lives  much 
and  Donverta  It  bita  the  solid  fat  (maisarlna)  of  his  .owd  body.  This  may  take  place  afler 
aiB  fcllowins  manner  :— 

2  of  margarine    .......=  OtI  B?s  Oio 

Diaferenoe   ....    .    ..   =  Ca  Ha    OS 

If  we  double  (hia  dlfl^rance,  we  have  Cu   H9   Os ;  which  ia  the  formula  for  lactic  aclil. 

oUier  oompoiiods.    The  final,  result  my  poaslbiy  be  the  avolution  ^he  8  of  carbon  (Ca  ) 

of'fal  one  lata  the  otow,  wa  know™  o,  ^rram  other^fa.    l^iua^thfoelj'uvBa  upon  ni?llt^ 

This  latter  is  maradlffiDnlt 'o  explain,  elnce  the.  compesUion  of  elalne— the  llqnid  fat  of 
Ihe  ox,  oalf,  and  sbaep— compared  with  that  of  butter  oil,  presents  a  consideiable  dllftrBnoe. 


[he  tnterusntlon  of  a  little  nxygan  It  might  readily  gioi 
d.  The  BOW  and  calf  together,  however,  llluatrala  > 


jable  ae  yet  predse^  Eo  explain.    By 


.^1k.    The  calf,  ai^n,  can  change  these  two  latter  fats  into  thuae  which  Its  own  body,  a) 
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ditioD,  the  priocipal  purposes  served  by  the  fat  are  simple  and  iho  same. 
It  lubricates  the  joints — covers  and  protects  the  internal  viscera — keeps 
the  muscles  separate,  and  enables  them  to  play  freely  among  each  other 
— makes  the  haic  and  skin  soft  and  flexible, — and,  by  filUng  up  hollows, 
contributes  to  the  roundness  and  plumpness  of  the  parts,  and  defends  the 
extremities  of  the  bones  from  external  injury.  When  exercise  is  taken, 
a  portion  of  t^e  fat  of  the  body  appears  to  be  more  or  less  changed  and 
removed,  and  is  afterwards  found  in  the  perapiratiou,  or  iii  the  dung.  It 
is  CO  make  up  for  this  natural  waste  that  all  "animals,  even  wheu  the  fat 
of  their  body  undergoes  no  increase,  require  a  certain  supply  to  be  daily 
given  to  them  in  their  food. 

The  accumulation  of  fat  in  animals  seems  to  be  an  eflbrt  of  nature  Co 
lay  in  a  store  of  food  in  time  of  plenty,  which  may  be  made  available  in 
the  performance  of  the  usual  functions  of  the  animal  wheu  a  time  of 
scarcity  comes.  If  the  fpod  contain  too  little  oil  to  lubdcate  the  jtants 
and  to' supply  tlie  natural  waste  of  this  kind  of  matter,  then  the  store  of 
fat  which  has  been  accumulated  in  time  of  plenty  is  drawn  upon,  a  por- 
tion of  it  is  worked  up,  so  to  speak,  aiid  the  fat  of  the.bod^  diminishes  ia 
(ju^ntity.  We  have  seen  alsothat  thcTespirationof  carmvorousanimals 
is  supported  at  the  expense  of  the  fat  which  they  eat — and  that  the  lean- 
ness which  attends  upon  starvation  is  owing  to  the  fat  of  the  living  body 
beingconsumed  in  supplying  thecarhon  given  oiF from  the  lungs.  Another 
[lurposa,  therefore,  for  which  animals  seem  to  be  invested  with  the  power 
of  laying  on  fat,  is,  that  a  store  of  food  for  the  purposes  of  respiration 
may  "he  carried  about  in  tlie  body  itself,  to  meet  any  unusual  demand 
wliiph  the  food  may  not  be  able  wholly  to  supply. 
§  5.   Of  the  natural  waste  of  the  parts  oftlte  body  in  a  full  grown  arjimal. 

We  have  ^eu  that,  if  the  food  of  the  animal  he  unable  to  supply  the 
carbon  given  ofTfrom  the  lungs,  and  the  fat  which  tlie  movements  of  the 
limbs  require,  the  parts  of  the  body  themselves  are  laid  imder  conCribu 
tion  in  order  to  supply  these  substances-  Thus,  when  the.food  is  stinted, 
the  body  necessarily  undergoes  a  waste  from  this  cause. 

But  this  is  iiota  constant  waste.  It  is  prevented  by  the  luie  of  a  larger 
quantity  of  food.  The  parts  of  tlip  body,  however,  do  undergo  a  con- 
stant and  natural  waste,  to  make  up  for  which  is  one  of  the  main  pur- 
poses served  by  the  food. 

It  has  been  ascertained  by  physiologists,  that  all  die  pares  of  the  body 
undergo  a  slow  and  insensible  process  of  renewal.  The  hair  and  the  nails 
we  can  see  to  be  constantly  renewed.  They  grow,  or  are  thrust  out- 
wards. But  the  muscles  and  even  the  bones  are  by  little. and  little  re- 
wel]  as  thai  of  Ub  malher,  reqiiirea.  And,  Laslly.  <nan  by  eslln;  the  tixof  (lie  cdircoii  re 
parBof  hia  Iwdj,  Subalunijes  which  oaa  thus  an  frEqaenlly  and  so  reaiiny  be  .changed,  Ihe 
tnaafanaalioDaaie  oSeclea  v\ll,  no  duubt,  prove  lobe  eimpLa  wlieQ  Ihese  are  lightly  iin- 
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me  Dutch  is  now  In  praaress  by  my  BidliUinl,  Mr.  Fromberg,  and  will  speadily  be  pubLahed 
by  the  Merare,  Blacfcwood. 
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moved  ini\'anlly  and  rejected  in  the  excretions — the  place  of  that  which 
IB  removed  being  supplied  by  new  portions  of  matter  derived  from  the 

This  removal,  thoiigh  ucfelt  hy  us,  goes  on  so  rapidly  that  in  a  space 
of  time,  which  varies  from  one  to  five  years,  ihe  whole  body  of  the  ani- 
mal is  renewed.  There  does  not  teiiiain,  it  is  said,  in  any  of  our  bodies, 
a  single  particle  of  the  same  matter  v/hich  Ibrmed  their  substance  three 
or  five  years  ago.  It  is  just  as  if  we  were  to  talie  a  single  old  brick  every 
day  out  ofthe  comer  of  a  house,  and  put  in  a  new  one — (he  form  and 
dimensions  of  the  house  would  remain  unaltered,  and  yet  in  the  course 
of  a  few  years  ifs  walls  would  be  entirely  renewed. 

In  full  grown  animals,  some  parts  ofthe  body  are  renewed  more  ra- 
pidly than  others — ihe  muscles,  for  example,  more  frequently  and  rapidly 
than  the  hones  and  the  brain.  In  yonnganimals,  again,  the  whole  body 
is  oftener  renewed  than  in  such  as.  are  advanced  iti  years,  but  all  the 
parts  of  all  atiiraals  are  believed  to  he  more  or  less  quickly  removed  and 
re^w. 

replaced  from  the  gluten  wiiich  the  food  contains — the  fat  from  it 
atid  tlie  earthy  matter  of  the  bones  and  the  salts  of  the  lilood,  ftora  tlie 
phosphates  and  saline  substances  which  are  naturally  present  in  it.  On 
the  other  hand,  those  parts  which  are  extracted  from  the  muscles  and 
bones,  and  carried  off  in  the  excretioos,  are  decomposed  during  their  re- 
moval. New  chemical  compounds  are  produced  fmra  them,  which  are 
found  in  the  urine  and  dung  of  the  animal,  and  which  give  .to  these  ex- 
cretions their  lichnesaand  value  in  the  manuring  ofthe  soU. 


5  6.  Ofthe  Icindandt^antUyof food  necessary  to  inake  up  for  ^e  natural 
waste  m  the  hoay  of  a  fall  grcnmt  ammal. 

The  substances,  which  constanfly  disappear  from  the  body  in  conse- 
quence of  the  natural  waste  above  cfescribed,  are  of  three  Itinds — xhe  fibrin 
and  other  analogous  organic  compounds,  which  form  the  muscles  and  the 
cartilage  ofthe  hones — the  earthy  pftotpAaWs  (of  lime  and  magnesia), 
which  form  so  large  a  proportion  of  the  bonea,  and  exist  in  small  quan- 
tity in  the  muscles  also — and  the  soluble  saline  substances,  vthicii  abound 
in  the  blood  and  in  the  other  fluids  ofthe  living  animal.  In  the  solid  and 
liquid  excretions,  a  larger  quantity  of  each  of  these  three  classes  of  com- 
pounds is  carried  out  of  the  body.  How  much  of  each  must  be  contained 
in  the  daily  food,  of  a  full-grown  animal  in  order  that  it  may  be  kept  in 
its  actual  conditbn? 

1*.  Quantity  of  fibrin  or.  other  analogous  compimnds  (albumen  or 
casein)  vMck  me  daily  food  must  contain. — The  moat  accurate  experi- 
ments that  have  yet  been  made  upon  this  sul^ect  (Lecanu)  apjiear  to 
show  that  a  full  grown  man  rejects  in  his  urine  jtlone  about  half  an  ounce 
of  nitrogen  (230  grs.)  every  24  hours.  This  quanti^  of  nitrogen  is  con- 
tained in  about  three  ounces  of  dry  muscular  fibre,  which  must,  therefore, 
every  day  be  decomposed  or  removed  in  order  to  yield  it. 

But  if  the  bqdy  is  kept  in  condition,  this  quaniity  of  fibrin  must  be 
daily  restored  again  by  the  food.  Now,  to  supply  three  ounces  of  dry 
fibnn,  there  must  be  eaten  alou! — 


45      "      of  wheaten  bread ;  or 

12      "      of  pease  or  bean  meal ;  or' 
4       "       of  cheese  ;* 
Or,  if  we  live  wliolly  upon  potatoes  or  miJk,  we  must  eat  no  leas  than 
six  cr  seven  pounds  of  the  former  daily,  or  drink  three  ot  four  imperial, 
pints  of  the  latter — if  we  would  restore  to  the  body  as  much  of  the  sub- 
stance of  its  muscles  and  cartilage  as,  is  daily  removed  froni  it  by  the 

But  tbe  urine  is  not  the  only  channel  through  which  nitragen  is  gi-ven 
off"  tro  n  the  anunil  body  A  considerable  though,  of  course,  a  variable 
ppopirtion  IS  touod  m  the  solii  excretions  oi  dung,  which  has  also  been 
derived  fro  n  the  substance  of  the  body  itself  A  small  <|uanlity  of  ni- 
tragen  is  believed  to  be  given  ofl  from  the  lungs  also  in  breathing,  and 
from  the  skm  in  the  perspiraiion  which  nitrogen  must  have  been  eitber 
dire  tly  or  indirectly  derived  from  the  food  And,  lastly,  of  the  fibrin  or 
other  food  containing  nitrogen  which  may  be  introduced  into  the  stomach, 
a  portion  must  pass  the  mouths  of  the  absorbent  vessels  as  it  descends 
through  the  mleslme'J  and  thus  escape  with  the  dung,  without  having 
performed  its  part  in  the  ordinary  nourishment  of  the  body. 

It  IS  impos'Jible  to  maite  any  correct  estimate  of  the  amount  of  nitrogen 
which  escapes  from  the  aniniid  in  the  several  ways  just  noticed — in  the 
solid  eiccrettona  from  tlie  lungs  and  from  die  akin — or  of  the  quantity  of 
food  which  is  necessary  to  supply  its  place.  If  we  suppose  the  loss 
through  all  these  sources  taken  together  lo  be  equal  to  one-half  or  two- 
thirds  of  that  which. is  found  in  the  urine,  then  the  whole  quantity  of  dry 
fibrin  which  the  food  ought  to  contain  would  amount  to  four  and  a  half  or 
five  ounces  in  the  day.  To  supply  this,  we  must  eat  of  bread,  beef, 
cheese,  potatoes,  or  milk,  one  half  more  than  the  quantities  already 


sxperimenta  have  hitherto  oeen  published  from  which  we  can  de- 
termine the  flBerag-e  quantity  of  nitrogen  rejected  in  the  exerelions  of  the 
horse,  the  cow,  or  the  sheep,  and,  consequently,  the  amount  of  waste 
which  takes  place  in  ordinary  circumstances  in  the  muscles  and  cartilage 
of  these  animals.  If  we  suppose  that  in  the  horse  or  cow  it  is  in  direct 
proportion  to  their  weights,  compared  with  that  of  a  full  grown  man — or 
five  times  gieater  than  in  a  man — then  the  loss  of  dry  fibrin  would 
amount  to  20  or  25  ounces  in  the  94  hours.  To  supply  this,  the  animal 
must  eat  the  Following  quantities  of  one  or  other  of  Uie  kinds  of  food  hero 
mentioned : — 

120  lbs.  of  turnips.  17  lbs.  of  clover  hay. 

115     "     of  wheat  straw,  12     "     of  pea  straw. 


20     "     of  meadow  hay.  5     "     of  beans.f 

Or  instead  of  the  whole  quantity  of  any  one  of  these,  a  halfor  quarter  or 
any  other  proportion  of  each,  may  be  taken,  and  ihe  animal  will  pro- 

■  SnnposlnE  llie  wlioalen  flnur  to  contain  10  par  ccnl.  a!  gluten,  and  the  cheese  one  half 
Its  weight  of  Sty  ciirU  (see  slw  pp.  603  and  631.) 
t  Tbeie  numbers  are  calcuJMed  from  the  laUe  glTectnp.  B31.  C7t.)C1Q|c 
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bably  be  found  to  ihrtTe  better  on  the  mixture  than  if  fed  upon  aiiy  one 
of  tliesa  kiuds  of  food  alone. 

2°.  Quantity  affixed  salme  ^natter  and  of  earthy  phos^hoies  ickieh 
Ike  food  ought  to  contain: — A  full  grown  animal  rejects  in  its  Ajxug,  ita 
urine,  and  its  perspiration,  as  iniieh  saline  and  earthy  matier  as  its 
food  contains.  If  its  body  is  merely  maintained  in  its  existing  condition, 
only  that  which  is  removed  trom  it  by  the  daily  waste  is  restored  to  it  by 
the  dailj  food.  Thus  whatever  quantity  of  saline  and  earthy  matter  is 
present  in  the  food,  an  equal  quantity  is  found  in  the  excretions  of  the 
living  animal. 

But  how  much  of  that  which  is  found  in  the  excretions  has  actually 
formedpart  of  the  living  body,  and  been  removed  from  it  in  consequence 
of  the  namral  waste?  This  we  have  no  me^ns  as  yet  of  determining. 
It  must  be  considerable,  but  it  varies  with  many  circumstances,  and  the 
experiments  which  have  hitherto  been  made  and  published  do  not  enable 
us  to  say  how  much  t^e  average  waste  really  is,  and  how  much  of  the 
several  more  common  kinds  of  food  ought  to  be  consumed  by  a  full 
grown  animal,  in  order  to  supply  it  with  the  necessary  daily  proportion 
of  sahne  and  earthy  substances. 

The  benefits  so  often  derived  ftom  the  use  of  salt  in  the  feeding  of 
stock  show  how  a  judicious  admixture  of  saline  matter  with  the  food 
may  render  its  other  constituents  more  available  than  they  would  other- 
wise be,  to  tlie  support  and  increase  of  the  animal  body. 

§  7.  The  health  of  Sie  animal  can  be  sustained  only  iy  a  mixed  food. 

From  what  I  have  already  slated,  yoii  see  that  the  vegetable  food  eaten 

by  a  full  grown  animal  for  tne  purpose  of  keeping  up  its  condition  should 

1°.  Starch  or  sugar,  to  supply  the  carbon  given  off"  in  respiration. 

9?.  Fat  or.  fatly  oil,  to  supply  the  fatty  matter  which  exists  more  or 
less  abundantly  in  the  bodies  of  all  animals. 

3°.  Gluten  or  fibrin,  to  make  up  for  the  natural  waste  of  the  muscles 
and  cardlage. 

4°.  BoriAi/ pAiwpftaies,  to  supply  what  is  removed  from  the  bones  of 
the  full  grown  animal  by  the  daily  waste ;   and — 

5°.  Saline  suhstancea — sulphates  and  chlorides — to  replace  what  is 
daily  rejected  in  the  excretions. 

Hence  the  food  upon  which  any  animal  can  be  fed  with  the  hope  of 
maintaining  it  in  a  healthy  slate  must  be  a  mixed  food-  Starch,  or  sugar 
alone,  or  pure  fibrin  or  gelatine  alone,  will  not  sustain  the  animal  body, 
because  these  substances  do  not  contain  what  is  necessary  to  build  up  all 
its  parts,  or  to  supply  what  is  daily  given  off  during  respiration  and  in 
the  excretions.  The  skilful  feeder,  dierefore,  will  not  attempt  to  main- 
tain his  stock  on  any  kind  of  ibod  which  does  not  contain  a  sufficient 
supply  of  every  one  of  the  kinds  of  matter  which  the  body  requires. 

Two  other  points  he  wili  also  attend  to.  First,  he  will  occasionally 
chau^  the  kind  of  food,  or  will  vaiy  the  proportions  in  which  he  gives 
■the  different  kinds  of  fodder  to  his  feedingstock.  This  practice  is  founded 
on  the  fact  that,  although  every  crop  he  raises  contains  a  ceriaiB  propor- 
tion of  all  the  substances  which  the  animal  requires,  yet  some  contain 
one  of  these  in  larger  quantity  than  others  do,  and  by  an  occasional 


Gocglc 


ADDITIOHAI,   FOOD    aE<iUIIlEB   TOR  FATTBHINO.  601 

change  or  variation  he  may  hope  niore  fully  to  supply  to  the  animal  the 
necessary  quantity  of  each. 

Second,  he  will  adapt  the  kind  and  quantity  of  food  to  the  age  of  the 
animal,  and  to  the  other  purposes  for  which  it  is  fed.  This  rule  depends 
partly  upon  the  same  fact,  that  different  vegetables  contain  the  several 
kinds  of  nocessaiy  (bod  in  different  proportions,  but  in  a  great  de^ee  also 
upon  the  further  fact,  that  the  animal  requires  these  substances  in  difier- 
ent  proportions,  according  to  its  age  and  to  the  special  purpose  for  which 
it  is  fed.  Let  me  direct  your  attention  to  this  lattet  fact  a  littler  more 
at  length. 

§  3.   Of  the  Mnd  and  quantity  of  additional  food  required  hy  the 
fattening  animal. 

In  the  animal  which  is  increasing  in  siae  or  in  weight,  the  food  has  a 
double  fimction  to  perform.  It  must  sustain  and  it  must  inerease  the 
body.  To  increase  the  body,  an  additional  quantity  of  food  must  be  con- 
sumed, but  (he  kind  or  nature  of  this  additional  food  wiU  depend  upon 
the  kind  of  increase  which  the  animal  is  making  or  is  intended  to  make. 

One  of  the  important  objects  of  the  stock  farmer  is  to  make  his  full 
grown  animals  lay  on  fat,  so  that  they  may  as  quickly  as  possible,  anij 
at  the  least  cost,  be  tnade  ready  for  the  butcher.  To  effect  this  ol^ect, 
he  adj  usts  the  kind  and  quantity  of  the  food  he  gives,  to  the  practical  ob- 
ject he  wishes  to  attain.. 

We  have  already  seen  reason  to  believe,  that  the  natural  and  iihme- 
diate  source  of  the  fat  of  animals  is  in  the  oily  matter,  which  the  food 
contains.  If  we  wish  only,  or  chiefly,  to  lay  on  fat,  therefore,  we 
ought  to  give  some  kind  of  food  which  contains  a  larger  proportion  of 
fatty  matter  than  that  upon  which  the  animal  has  been  accustcmed  to 
live.  This  is  what  the  practical  man  has  actually  learned  (o  do.  To 
his  sheep  and  oxen  he  gives  oil-cake  ot  linseed  oil  mixed  with  chopped 
straw,  to  his  dogs  cracklings,*  to  his  geese  and  turkeys  Indian  corn, 
which  contains  much  oil,  an  J  to  his  poultry  beef  or  mutton  suet. 

Many  experitnents  are  yet  wanting  to  determine  with  accuracy  the 
proportion  of  fat  contained  in  all  the  different  kinds  of  food  usually  con- 
sumed by  animals.  Nearly  all  we  yet  know  upon  this  subject  is  ex- 
hibited in  the  tahular  view  of  their  composition  to  which  I  have  already 
directed  your  attention  (p.  531.) 

One  thing,  however,  of  considerahle  practical,  value  has  been  reeeally 

ascertained — that  the  oUy  matter  of  seeds  exists  chiefly  near  their  outer 

surface, — in  or  immediately  under  the  skin  or  husk.     This  fact  is  shown 

in  the  case  of  wheat,  by  the  following  results  of  the  examination  of  two 

varieties  of  this  srain,  one  grown  near  Diirham,  the  other  in  France. 

The  result  as  to  the  French  grain  is  given  by  Dumas  : — 

Bngliah.  FrentJu 

Fine  flour     .     .     .     l-b  1-4 

Pollard    .     .     .     .     2'4  4-8 

Boxings   ....     3-6  — 

Bran 3-3  5'9 

*  CrackHnsa  arelTie  fklnny  parts  of  the  suelfrom  which  [he  lallow  hBE  bean  lor  the  most 
pnrt  squeezed  out  by  the  unoiT  chandlers.    Might  cuUle  not  be  fiiLtened  .upon  orackUoca 


This  fact  of  the  existence  of  more  fat  in  the  husli  than  in  the  inner 
part  of  ihe  grain,  explains  what  ofleD  aeems  inexplicable  to  (he- practical 
man — why  bran,  namely,  which  appears  to  contahi  little  or  ro  nourish- 
ing substance,  should  yet  fatten  pigs  and  other  full  grown  onimala,  when 
given  to  them  in  suffldent  quantity  along  with  theit  other  foodi  It  also 
explains  why  rice  dust  should  be  found  to  fatten  stock,*  rhough  the 
cleaned  and  prepared  rice  contains  but  little  oil,  and  is  believed,  there- 
fore, to  be  tmfitted  for  laying  on  fat  upon  animals  witb  any  degree  of 
rapidity.  No  doubt  Ihe  dust  from  pearl-barley  and  from  oats,  as  well  as 
the  husk  of  these  grains,  might  be  economically  employed  by  the  stock 
feeder  wherp  they  can  readily  be  obtained 

§  9    Kind  and  qiumltty  of  addition  il  food  required  hy  a  groicing 

The  young  and  growing  animil  rehires  also  that  its  food  should  be 
all  isted  to  its  peci3iar  wants  In  iniancy  the  muscles  and  bones  in- 
crease rapidly  in  size  when  the  food  is  of  a  proper  kind.  This  food, 
therefore  should  coitoin  a  large  supply  of  the  phosphates,  fnsm  which 
hine  13  formnd  and  of  gluten  or  Bbrin  by  which  the  .muscles  are  en- 
larged. Sonae  kinds  of  fodder  contMn  a  largei  proportion  of  these  phos- 
phates. Such  are  com  seeds  in  general,  and  the  red  clover  among  grass- 
es. Soma.  agMU  contain  more  of  the  materials  of  muscles.  Such  are 
beans  and  peas  among  our  usually  cultivated  seeds,  and  tares  and  other 
leguminous  plants  among  our  green  crops. 

Hence  the  sldlful  feeder  or  rearer  of  stock  can  often  select  ■with  judg- 
ment that  kind  of  food  which  will  specially,  sup  ply -that  which  the  ani- 
mal, on  account  of  its  age  or  rapid.growth,  specially  requires — or  which, 
with  a  viewto  some  special  object,  he  wishes  his  animal  specially  to  lay 
on.  DoQS  he  admire  the  fine  bona  of  the  Ayrshire  breed ' — he  will  try 
to  stint  it  while  young  of  that  kmd  of  food  m  which  the  phosphates 
abound.  Dobs  he  wish  to  strengthen  his  stock  and  to  enlar^  their 
bones  1— he  will  supply  the  phosphates  liberally  while  the  animil  is 
rapidly  growing. 

An  interesting  application  of  lh?sc  principles  is  seen  m  the  mode  of 
feeding  calves  adopted  in  different  districts  Where  they  are  lobe  reared 
for  fattening  stock,  to  be  sold  to  the  butcher  at  two  or  three  years  old, 
they  are  well  fed  with  §ood  and  abundant  food  from  the  first,  that  they 
may  grow  rapidly,  attain  a  great  size  and  carry  much  flesh.  If  starved 
and  stunted  while  young,  (hey  often  fatten  rapidly  when  put  at  last  upon 
a  generousdiet,  but  they  never  attain  to  their  full  naturalsize  and  weight, 

when  they  are  reared  for  breeding  stock  or  for  milkers,  similar  care  is 
taken  of  them  in  the  best  dairy  countries  from  the  fifst,  though  in  some 
the  allowance  of  milk  is  stinted,  and  substitutes  for  milk  are  early  given 
to  the  young  animals. 

But  it  is  in  rearing  calves  for  the  butcher  that  the  greatest  skill  in 
feeding  is  displayed,  where  long  practice  has  made  the  farmers  expert  in 
this  branch  of  husbandry.  ■  To  the  man  who  has  a  calf  and  a  milk  cow, 
the  principal  question  is,  how  can  I,  in  the  locality  in  which  I  am  placed, 
make  the  most  money  of  my  calf  and  my  milk  ?  Had  I  better  give 
mycalf  a  little  of  the  milk,  and  sell  tlie  remainder  in  the  form  of  new 
ling  piga,  uukeB  ejiG«Uent  porlc,  (uRl  is  i«;  proAt- 


miik — or  bad  I  better  make  buKer  and  gi  ;e  the  skimmed  milk  U 
ir  will  the  veal,  if  I  g^ve  my  calf  all  the  n '" 


ter  price  in  tbe  end  ?  The  result  of  many  trials  has  shown,  that 
districts  the  fii^h  price  N>btained  for  well  fed  veal  gives  a  ereai 
than  catt  be  derived  from  the  milk  in  any  other  way. 


While  the  calf  is  very  young — during  the  first  two  or  three  weeks — 
Lis  bones  and  muscles  cniefly  grow.  It  requires  the  materials  of  these, 
tlierefore,  more  than  fat,  ana  hence  half  the  milk  it  sets,  at  first,  may  be 


skimmed,  and  a  little  bean  meal  may  be  mised  with  it 
the  casein  or  ciad  out  of  which  die  muscles  are  to  be  formed.  The  cos- 
live  effect  of  the  bean  meal  must  be  guarded  against  by  occarional  me- 
dicine, if  required. 

In  the  next  stage,  more  fat  is  necessary,  and  in  the  third  week  at 
latest,  full  mills,  with  all  its  cream,  shuuld.  be  given,  and  more  milk  than 
the  mother  supplies  if  the  calf  requires  it.  Or,  instead  of  the  cream,  a 
less  costly  kind  of  fat  may  be  used.  Oil-cake,  finely  crushed,  or  Un- 
seed meal,  may  supply  at  a  cheap  rate  (he  fat  which,  in  the  formof 
cream,  sells  for  much  money.  And,'  instead  of  the  additional  milk,  bean 
meal  in  larger  quantity  may  be  tried,  and  if  eauiiously  and  skilfully  used, 
the  best  effects  on  the  sbe  of  the  Calf  and  the  firmness  of  the  veal  may 
be  anticipated. 

In  the  third  or  fattening  stage,  the  custom  is,  with  the  same  quantity 
of  milk,  to  give  doable  its  natural  quantity  of  cream — tjjat  is,  to  supply 
in  this  way  the  fat  which  the  animal  is  wished  chiefly  to  lay  on.  This 
cream  may  either  be  mined  directly  with  the  mother's  iiiilk,  or,  what  is 
better,  the-  afterings  of  several  cows  may  be  given  to  the  calf  along 
with  its  ftrnj.  For  the  expensive  cream  there  might  no  doubt.be  sub- 
stituted many  cheaper  kinds  of  fat  which  the  young  animal  might  be 
expected  to  appropriate  as  readily  as  it  does  the  fat  of  the  milk.  Lin- 
seed meal  is  given  with  economy.  Might  not  vegetable  oils  and  even 
animal  fats  be  made  up  into  emulsions  which  the  calf  would  readily 
swallow,  and  which  would  increase  his  weight  at  an  equally  low  cost? 
A  fat  pease-soup  ha9  been  found  to  keep  a  cow  long  in  milk ;  might  it 
not  be  made  profitable  also  to  a  fattening  calf? 

The  selection  of  articles  of  food  which  will  specially  increase  the  size 
of  the  bones  in  the  growing  animal,  by  supplying  a  large  quantity 
of  !he  phosphates,  is  at  present  limited  in  a  considerable  degree.  The 
grain  of  wheat,  barley,  andoatsisthe  source  from  which  these  phos- 
phates are  iiiosl  certainly  and  most  abundantly  supplied  to  the  animals 
that  feed  upon  th^m.  But  in  many  cases  com  is  too  expensive  a  food, 
and  those  kinds  of  corn  which  contain  the  largest  proportion  of  the  phos- 
phates supply  only  a  comparatively  smtill  quantity  in  a  given  time  to  the 
growing  animal.  Why  should  not  bone-dust  or  Mne-tmal  be  introduced 
as  an  article  of  general  food  for  growing  animals '(  There  is  no  reason 
to  believe  that  animals  would  disfike  it — noiie  that  tliey  would  be  unable 
to  digest  it.  With  this  Mod  of  food  at  our  command,  we  might  hope  to 
minister  directly  to  the  weak  limbs  of  our  growing  stock,  aiid  at  pleasure 
to  provide  the  spare-boned  animal  with  tbe  materials  out  of  which  a 
limb  of  great  strength  might  be  built  up. 

Chemical  analysis  comes  further  to  our  aid  in  pointing  out  the  kind 
of  Ibod  we  ought  to  give  for  the  purpose  of  incveaeicg  this  ot  t^f(  y^^  \  ^ 
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of  tne  animal  body.  Thus  in  regard  to  the  same  growth  of  bniie,  it  ap- 
pears that,  while  linseed  and  other  oil  cakes  are  mainly  used  with  the 
view  of  adding  to  the  fat,  some  varisties  are  more  fitted  at  ihe  same  time 
to  minister  to  the  growth  of  bone  than  others  are.  Thus,  four  varieties 
of  oil-cake  examined  in  my  laboratory,  contained  respectively  of  eartliy 
phosphates  and  of  other  inorganic  matter  in  100  lbs.  the  following  quan- 


British  lioseed  calie     .     .  2-80 

Dutch         do.               ,     .  2>70 

Poppy  cake      ....  5-22 

Dodder  cake      ....  6-67 
The  numbers  in  the  first  colur 
show  that  these  v. 


which  are  specially  reciuired  to  build  up  their,  ii 

§  10.  Kind  and  quantify  ofaddiAonal  food  required  hy  a 

pregnant  animal. 

The  food  of  the  pregnant  animal  must  sustain  the  .full-grown  mother, 

and  nmst  add   at  the  same  time  to  Ihe  substance  of  her  unborn  young. 

The  quantity  of  food  which  is  necessary  to  sustain  the  mother — if  herself 

full-grown,  which  is  often  far  from  being  the. case — varies  with  many 


Is  S£ud  that  in- the  stall  an  ox  or  a  cow  will  eat  one-fifth  of  its  weight 
of  turnips  in  a  day,  or  one-fiftieth  of  dry  food,  such  as  liay  and  straw. 
With  this  allowance  of  food  the  animal  would  probably  increase  in 
weiglit  in  some  degree, — but  according  to  Riedesel  one-sixtieth  of  its 
weight  of  dry  hay  is  necessary  merely  to  sustain  it.  From  what  we 
have  already  seen  of  the  composjtioQ  of  the  different  grasses,  it  is  obvi- 
ous that  the  ciuanlity  required  will  be  much  affected  by  the  kind  of  hay 
with  which  the  animal  ia  fed. 

To  nourish  the  young  calf  m  the  womb  of  its  mother,  an  additional 

ruitity  of  food  must  he  gi^en,  and  this  quantity  must  be  increased  as 
slate  of  pregnancy  advancea.  And  thougli  the  kind  of  additional 
Ibod  which  is  given  naust  readily  supply  the  materials  of  the  growing 
bone^  and.  muscles  of  the  ftetus,  yel  it  must  contain  also  a  larger  quan- 
tity of  starch  or  sugar  also  than  the  mother  in  her  ordinary  state  would 
require.  This  is  owing  to  the  circumstance  that  the  mother  must  now 
breathe  for  two  animals,  for  herself  anil  her  young.  The  quantity  of 
blood  ia  increased,  moie  oxygen  is  taken  in  by  the  lungs,  and  mote  carbon 
is  given  off  in  the  form  of  carbonic  acid.  To  supply  this  carbon,  tcore 
of  farinaceous  or  saccharine  food  must  be  eaten  from  the  time  when 
pregnancy  lakes  place,  and  it  njust  increase  as  the  young  animal  en- 

Except  in  the  way  of  feeding  the  mother,  in  all  respects  well,  I  am 
not  aware  that  any  eKperimenia  have  been  made  with  the  view  of  spe- 
cially afiecting  the  condition  of  the  future  calf  by  the  kind  of  food  given 
to  the  nioiher.    A  certain  proportion  of  bone  and  muscle  no  douht  must 
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be  supplied  to  the  young  animal  by  the  food  given  to  the  mother,  or  the 
bones  and  muscles  of  themother  herself  will  bo  laid  under  contribution  to 
su|i|)ly  it — but  it  does  not  appear  impossible  to  afiect  the  size  of  the  bone 
liy  the  quantity  of  phosphates  wluch  aie  given  in  the  food,  or  the  growth 
and  development  of  the  nauscles  by  that  of  the  gluten,  fibrin,  or  casein 
with,  which  the  mother  is  fed.  Might  not  an  addition  ot  bone-meal  to  the 
food  of  the  pregnant  cow  give  a  calf  of  larger  bone?  Would  not  bean- 
meal  or  skira-milk  add  to  the  size  of  its  muscles? 

§  II.    Kind  and  quantity  of  additional  food  required  t/y  a 
mi&ing  animal. 

After  the  young  animal  is  born,  the  molher  has  still  to  feed  it  with  her 
milk.  And  as  the  calf  grows  rapidly,  the  food  it  requires  increases  daily 
with  its  bulli,/and  the  demands  upon  the  mother  therefore  every  day  be- 
come greater. '  At  thU  period,  therefore,  the  cow  must  obtain  larger  sup- 
plies of  food  to  sustain  herself  and  10  produce  a  sufficient  quantity  of 
milb  for  her  calf  than  at  aoy  other  period.  If  these  adeijuate  supplies 
gre  not  given,  a  portion  is  daily  taken  from  her  own  substance — her  body 
becomes  leaner,  and  her  limbs  more  feeble,  while  her  young  also  is 
stinted  and  puny  in  its  growth. 

By-and-bye,  however,  the  calf  begms  to  pick  up  food  for  itself.  It 
begins  to  live  partly  upon  vegetables.  The  molher  is  in  consequence 
relieved  of  a  part  of  her  burden — her  udders  are  less  drawn  tipon — the 
(juantity  of  inilk  secreted  becomes  less: — she  begins  again  to  lay  muscle 
and  fat  upoii  herself— her  udders  at  length  become  dry,  and  she  slowly 
recovery  her  original  plump  condition.  She  has,  indeed',  at  this  period  a 
tendency  to  fatten  if  the  same  supply  of  food  is  continued  to  her,  and 
in  many  districts  it  is  customary  to  feed  her  off  at  this  time  for  the 
butcher. 

What  I  have  already  said  of  the  artifices  by  which  the  food  given  to 
the  cow  may  possibly  be  made  to  affect  the  bodilyeharacterof  the  future 
calf,  applies  equally  to  the  means  of  more  or  less  effectually  promoting 
the  growth  of  the  young  animul  while  it  is  fed  solely  upon  milk.  The 
itind  of  food  given  to  3ie  mother  may  make  the  milk  richer  in  curd, 
which  will  promote  the  growth  of  muscle^or  richer  in  phosphates,  by 
which  the  enlargeme^it  of  the  bones  of  the  calf  will  be  asMSted.  Scarcely 
any  two  samples  of  inilk,  indeed,  are  found,  upon  analysis,  to  contain 
the  same  proportion  of  phosphates  and  of  other  saline  substances,  and 
there  is  little  reason  to  doubt  that  if  an  unusual  ([uantity  of  these  be  given 
in  the  food  of  the  mother,  an  unusual  quantity  will  be  found  also  in  the 
milk  she  produces. 

For  the  production  of  milk  (he  mother  requires  an  adequate  additional 
supply  of  all  tlie  substatices  which  we  have  seen  to  be  necessary  to  the 
■support  of  the  unborn  ftetus — of  the  starch  as  well  as  of  the  glutea  and 
stiline  substances  of  the  food.  But  it  is  interesting  to  mark  the  very  dif- 
ferent purposes  to  which  the  additional  supply  of  starch  iu  her  food  is 
now  applied. 

The  pregnant  mother  requires  this  starch  to  supply  (ho  carbon  jfiven 
off  more  abundandy  during  her  increased  leapiration.  She  breathes,  as 
I  have  already  said,  for  her  young  and  for  herselfi  i  and  (iWS3W^il^'Ba 
off  more  carbon  from  her  lungs. 
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But  when  the  youDg  animal  is  born  it  breathes  for  itself.  It  musi, 
therefore,  be  supplied  with  that  kind  of  food  which  seema  specially  in- 
tended  to  meet  the  wanB  of  respiration. 

The  additional  starch  eaten  by  the  mother,  therefore,  instead  of  being 
breathed  away  in  her  own  lungs,  is  conveyed  in  the  form  of  sugar  into 
the  food  of  the  young  animal.  It  is  changed  into  the  sugar  of  the  milk, 
and  the  natural  function  of  this  sug;ar  is  to  supply  the  carbon  which  the 
young  animal  gives  off  when  it  begins  to  breathe  for  itself. 

It  is  not  difficult  to  understand  the  kind  of  process  by  which  tJie 
starch  of  the  mother's  food  is  converted  into  the  sugar  of  her  milk.     If  to 

2  of  starch  =  240  +  20H  +  20O, 
we  add  4  of  water  =  4H  +     40, 


we  have  24C  +  94H  +  240,  which  is  the  formula  for 

milk  sugar.  In  passing  through  the  digestive  organs  of  the  cow,  there- 
lore,  the  elements  of  the  2  of  starch  require  only  to  be  combined  with' 
those  of  4  of  water  to  be  converted  into  the  sugar  of  milk. 

But  though  it  is  not  difficult  to  Understand  in  what  way  this  change 
may  be  effected,  yel  it  is  exceedingly  interesting  to  find  that  such  a 
chemical  change  as  this  shcidd  he  made  to  commence  al  a  cerltdn  special 
ejiocfe  iDith'a  viev)  lo  a  certain  special  end. 

Milk  13  a  perfect  food  for  a  growing  animal,  containing  the  curd  which 
is  to  form  the  muscles,  tlie  bulter  which  is  to  supply  the  fat,  the  phos- 
phates which  are.  to  build  up  the  bones,  and  the  sugar  which  is  to  feed 
the. respiration.  Nothing  is  wanting  in  it.  The  mother  selects  all  the 
ingredients  of  this  perfect  food  from  among  the  useless  substances  ■which 
are  mingled  in  her  own  stomach  with  the  food  she  eats — she  changes 
these 'ingredients  chemically  in  such  a  degree  as  to  present  ihem  to  the 
young  animal  in  a  slate  in  which  it  can  most  easily  and  with  least  laboui 
employ  them  for  sustaining  its  body — and  all  (his  alie  begins  lo  do  at  a 
given  and  ap|>oinIed  moment  of  time.  How  beautiful,  how  wonderful, 
how  kindly  provident  is  all  this  ! 


But  apart  from  its  natural  use  ia  the  economy  of  nature,  milk  may  bo 
regarded  as  an  article  of  manufacture — an  important  article  of  agric;ul- 
tural  husbandry.  As  a  mere  producer  of  milk  for  other  purposes  than 
the  feeding  of  calves,  the  cow  will  be  differently  fed  according  to  the  pur- 
pose for  which  her  milk  is  intended  to  be  employed,  or  the  form  in  which 
it  is  to  be  carried  to  market. 

a.  The  town  dairyman,  who  sejls  his  new  milk  to  daily  customers, 
requires  quantity  rather  than  Quality.  He  gives  his  cattle,  therefore, 
suuoulent  food  in  which  water  abounds — green  grass — forced  rapidly  for- 
ward by  irrigation  or  otherwise — ^reen  clover,  young  rye,  brewers' 
grains,  or  hay  tea.*  In  this  way,  without  the  actual  addition  of  water, 
he  can  make  his  milk  thin,  and  increase  its  bulk. 

b.  Those,  again,  who  desire  much  rich  cream,  or  who  grow  milJc  for 
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(lie  manufasti/jE  of  buUer,  pay  less  attention  to  the  bulk  of  the  milk 
itaelf  than  to  tliat  of  the  cream  they  can  collsct  from  its  surface.  The 
proportion  of  butter  is  increased  by  the  use  of  food  which  contains  much 
fatty  matter-i-of  any  of  those  kinds  of  food,  indeed,  by  which  an  os  can 
be  made  rapidly  to  lay  on  fat.  Oil-cake  has  by  some  been  objected  to 
83  likely  to  give  a  taste  to  the  milk,  but  it  may  be  safely  used  in  small 
quantity,  and  gives  an  abundant  and  good  flavoured  cream. 

c.  In  cheese  countries,  aoain,  \t  is  the  ctird  that  is  chiefly  in  reijiiest. 
No  doubt  the  value  of  a  cheese  depends  much  upon  the  proportion  of 
butter  if  contains  diffused  throughout  ha  substance,  but  the  weight  of 
cheese  produced  upon  a  farm  depends  mainly  upon  the  quantity  of  curd 
which  the  milk  of  the  dairy  yields.  Where  skim-milk  cheese  is  made, 
the  weight  of  prodiioe  obtained  depends  almost  solely  upon  the  richness 
of  the  milk  in  ciirdy  inatter.  Clovers,  vetches,  and  pea  straw  abound  in 
casein  or  vegetable  ourd,  and  thus  give  a  rich  and  productive  milk  to  the 
cheese  maker,  while  bean-meal  and'  pease-meal,  in  so  far  as  they  can  be 

Siven  to  the  cow  with  safety,  may  with  advantage  be  employed  to  pro- 
uee  the  same  effect.  As  every  Ihiug  which  tends  to  lay  on  fat  on  the 
animal  is  likely  also  to  increase  the  proportion  of  butter  in  its  milk,  so 
every  thing  which  promotes  the  growth  of  mascle  will  also  add  to  the 
richness  of  the  milk  in  curd  or  cheese. 

§  la.  Inflaenceqf  size,  condition,  vxiTiiUh,  exercise,  and  lighl,  on  the 
quantity  of  food  necessary  lo  make  up  for  the  natural  wiaale. 

But  the  quantity  of  food  Of  any  kind  which  an  animal  will  require  is 
affUcted  by  many  circumstances.    Thus^ 

1°.  'The  size  and  condition  of  the  animal  will  regulate  very  much  the 
quantity  of  food  which  ia  necessary  to  sustain  it.  The  larger  the  mus- 
cles and  bones  the  grei^r  will  be  the  daily  waste,  and  the  greater  the 
(juantity,  thetofore,  of  the  food  necessary  lo  replace  it.  If  an  animal  re- 
quire a  50th  or  a  60th  of  its  weight  of  dry  food  daily,  of  course  his  size 
and  weight  will  regulate  almost  entirely  the  quantity  of  food  he  ought  to 

A  knowledge  of  this  circumstance  is  opcasionally  of  economical  value 
to  the  stock  feeder  ot  dairy  farmer,  and  will  modify  very  much  the  line 
of  conduct  he  may  be  inclined  to  adopt  as  the  most  profitable. 

A  large  animal  requires  more  food  to  keep  it  in  its  actual  condition — 
to  make  up,  that  is,  for  the  natural.  w«ste.  If  you  wish  to  convert  much 
produce  into  much  rich  dung,  therefore,  keep  large  animals.  They  will 
convert' alarge  quantity  of  vegetable  matter  into  manure  without  adding 
any  thing  to  their  own  subslailce.  If  one-fiftietli  of  its  weight  of  dry 
food  be  necessary  to  sustain  it,  then  an  animal  of  100  stones  weight  will 
convert  two  stones  of  hay  daily  intodung.  Whatever  it  eats  beyond  the 
two  stones,  will  go  to  the  increase  of  its  weight. 

But  a  small  animal,  of  50  stories,  requires  only  one  stone  a  day  to  sus- 
tain its  body,  or  converts  one  stone  wholly  into  dung.  WJiatever  it  eats 
beyond  this  quantity,  therefore,  will  go  to  the  production  of  increased 
beef  and  bone.  Hence,  if  [  have  a  given  quantity  of  vegetable  produce, 
r  ought  to  he  able  to  manufacture  more  beef  fromil  by  the  use  of  small 
cairle  than  of  large,  provided  my  large  and  small  stools  are  equally  pute 
in  breed,  are  equally  quiet,  and  ore  as  kindly  feeders.  ^  . 
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The  same  reasoning  applies  to  dairy  cows  of  different  breeds.  If  I 
give  two  stones  of  hay  to  a  smad  Shetland  cow,  she  may  not  convert 
more  than  one  of  them  into  dung,  the  other  she  may  consnrae  for  the 
production  of  milk. .  But  if  I  give  the  same  qaanlxty  to.  a  cow  of  double 
the  siae,  nearly  the  whole  two  atones  may  be  converted  into  dang — may 
be  employed  in  sustaining  the  animal — and  if  she  yield  any  miik  ^t  all, 
it  will  be  poor  and  thin. 

This  reasoning  accounts  for  the  fact  which  has  been  long  observed, 
that  small  breeds  of  cattle  ,give  the  richest  mUk,  and  that  auch  as  llie 
smalt  Orkney  breed  yield  the  largest  produce  of  butter  and  cheese  from 
the  same  quantity  of  food.  They  waste  lesa  of  their  food  in  sustaining 
their. own  bodies.  Lean,  spare  cows  also  require  less  ty  sustain  them  ; 
and  hence  the  skin-and-boue  appearance  of  the  best  milkers  among  the 
Ayrshire  and  Alderney  breeds. 

3°.  The  quantity  of  exerdee  which  an  animal  takes,  or  of  fatigue  it 
is  made  to  undergo,  requires  a  proporrionate  a(^.ustment  iu  the  quotitity 
of  food.  The  more  it  is  exercised  tiie  more  frequently  it  breathes,  the 
more  carbon  it  throws  off  from  its  lungs,  the  more  starch  or  sugar  con- 
sequently its  food  must  contain.  If  more  ia  not  giwen  to  it,  ttie  fat  or 
other  parts  of  the  body  will  be  drawn  upon,  and  the  animal  will  become 
leaner. 

Again,  the  natnral  waste  of  the  muscles  and  hones  is  said  to  be  caijsed 
by,  or  at  least  to  be  in  proportion  to,  the  degree  of  motion  to  which  the 
several  parts  of  the  body  are  subjected.  ,  Take  more  esercise,  therefore, 
move  one  or  more  limbs  oftener  than  usual,  and  a  larger  part  of  the  sub- 
stance of  thesS  limbs  will  be  decomposed,  removed,  and  rejected  in  the 
excretions.  Hence  the  reason  why  hard  work  recjuires  good  food,  and 
why  the  strength  of  all  animals  is  diminished,  if  they  be  subjected  to 
great  fatigue  and  are  not  ia  an  equal  degree  supplied  with  nourishing 
food,  by  which  the  wastifig  parts  of  the  body  may  be  again  built  up. 

3°.  The  degree  of  uiaTmtA  ia  which  the  animal  is  kept,  or.  the  tem- 
perature of  the  atmosphere  in  which  it  lives,  affects  also  me  quantity  of 
food  which  the  animal  requires  to  eat.  The  heat  of  tlie  animal  is  inse- 
parably connected  with  its  respiration.  Tbe  more  frequently  it  breathes, 
the  warmer  it  becomes,  and  the  more  carbon  it  throws  ofi' from  its  lungs. 
It  is  believed,  indeedtliy  many,  that  the  main  purpose  of  respiration  is  to 
keep  up  the  heat  of  the  body,  and  that  this  heat  ia  produced  very  much 
in  the  same  way  as  in  a  common  lire,  by  a  slow  combustion  of  that  car- 
bon-which  escapes  in  the  form  of  carbonic  acid  from  the  lungs.  Place  a 
man  in  a  cold  situation,  and  he  will  either  starve  or  he  will  adopt  some 
means  of  warming  hibieelf.  He  will  probably  take  exercise,  ana  by  this 
means  cause  himself  to  breathe  quicker.  But  to  dp  this  for  a  length  of 
time,  he  must  be  supplied  with  more  food.  For  not  only  does  he  give 
off  more  carbon  tana  his  Uings,  but  the  exercise  he  takes  causes  a  greater 
natural  waste  also  of  the  substance  of  his  body. 

So  it  is  with  all  aninialsi  ThegreaterlhedifTerence  between  the  tem- 
perature of  the  body  and  that  of  tbe  atmosphere  in  which  they  live,  the 
more  food  they  require  lo  "  feed  the  lamp  of  life" — to  keep  them  warm, 
that  is,  and  to  supply  the  natural  wASte.  Hence  the  importance  of  plan- 
tations as  a  shelter  from  cold  winds  to  grazing  stock-rHDf  open  sheds  fo 
protect  fattening  stock  ftiom  the  nightly  dew|  and  i^W^W-wllEven  of 


closer  covering  to  quieC^  and  gentle  breeds  of  cattle  or  sheep,  whicli  feed 
wkhmit  restlessness  and  quickly  fatten. 

A  proper  atteotioij  to  the  warmth  of  liis  cattle  or  sheep,  therefore,  is  of 
gteat  practical  cotisequencs  to  the  teeder  of  stock.  By  Ijeeping  theiu 
■warm  he  diminislies  the  quanticy  of  food  which  is' necessary  to  sustain 
them,  and  leaves  a  larger  proportion  for  the  production  of  beef  or 
mutton . 

Various  experiments  have  been  lately,  published,  which  eontirm  the 
opinions  above  deduced  from  theoretical  considerations.  Of  these  I  shaU 
only  mention  one  by  Mr.  Childers,  in  which  20  sheep  were  folded  in 
■tlie  open  field,  and  20  of  nearly  equal  weight  were  placed  under,  a  shed 
in  a  vacd.  Both  lots  were  fed. for  three  months — January,  February, 
and  March — upon  turnips,  as  many  as  .they  chose  to  eat,  half  a  pound 
of  litiseed  cake,  and  half  a  pint  of  barley  eaclnsheep  per  day,  with  a 
little  hay  and  salt.  Th^  sheep  in  the  field  consumed  the  same  quantity 
of  food,  all  the  barley  aod  oil-cake,  and  about  19  lbs.  of  turnips  per  day, 
from  first  to  last,  and  increased  on  the  whole  36  stones  8  lbs.  Those 
under  the  shed  consumed  at  first  as  mueii  food  as  the  others,  but  after 
the  tliird  week  they  eat  2  lbs,  of.tumips  each  less  iu  the  day,  aod  in  the 
nintli  week,, again  3  lbs.  less,  or  only  15  lbs.' a  day.  Of  the  linseed-cake 
they  also  eat  about  one-third  less  than  the  other  lot,  and  yet  they  in- 
creased in  weight  56  stones  6  lbs.,  or  20  stones  more  than  the  others. 

Thus  the  cold  and  exercise  in  the  field  caused- the  one  lot  to  convert 
more  of  their  fdod  into  dung,  the  other  more  of  it  into  mutton. 

But  why  did  the  sheltered  sheep  also  consume  less  food  1  Why  did 
they  not  eat  the  rest  of  the  food  offered  thetn,  and  convert  it  also  into 
mutton  ?  Because  the  stomach  of  an  animal  will-  not  do  more  than  a 
certain  limited  amount  of  work  in  the  "way  of  digesting,  after  the  wants 
of  the  body  are  fully  supplied.  When  ciroumstannes  cause  the  susCain- 
ing  quantity  of  food  to  increase,  the  digestive  powers  are  stimulated  into 
unusual  activity,  and  though  plenty  of  food  be  placed  before  the  animal 
it  may  be  unable  to  consume  and  digest  more  than  is  barely  sufficient  to 
keep  It  in  condition.  If  the  sustaining  portion  be  lessened,  by  placing 
the  animal  in  new  circumstances,  more  fopd  maybe  digested  than  is  ab- 
solutely necessary  to  supfilv  the  daily  waate^that  is  to  say,  the  animal 
may  increase  in  weight.  Biit  the  unusual  stimulus,  being  removed,  it 
may  not  now  be  inclined,  perhaps  not  he  able,  to  digest  so  large  a  quan- 
tity as  it  did  before  when  that  large  quantity  was  necessary  to  sustain  its 
body — that  vi  to  say,  tliat  whib  it  increases- in  weight  it  will  also  con- 

4°.  The  absence  of  Light  ha9  also  a  material  influence  upon  the  effects 
of  Ibod  in  increasing  the  size  of  animals.  Whatever  excites  attention, in 
an  aoimal,  awakens,  disturbs,  or  makes  it  restless,  appears  lo  increase 
the  natural  waste,  and  tp  diminish  the  efi[ect  of  food  in  rapidly  enlarging 
the  body.  The  rapidity  with  which  fowls  are  fattened  in  the  dark  is 
well  known!  to  rearers  of  poultry.*  In  India,  the  habit  prevails  of  sew- 
ing up  the  eyelids  of  the  wild  hog-deer,  the  spotted  deer,  and  other  wild 

snil  i  ib.  of  mxiu.  vtillimUk  for  tkinfc  live  or  siillinea  i  day  Ja  aimimer,  a  doJthUB  will  add 
toitsnelglil^Tba.  In  aweek,3t>inetiinea1Jlba,in  fDuidafs.    A^DungUulLey  wUIIb;  oaS   r 
Jtt.  a  WMk,  unilflr  Uie  same  IreaUnenL  ».  1 1  )  O'-^  I C 


animals  when  netted  in  the  jungles,  with  the  view  of  taming  ami  speedily 
fatleniiig  them.  The  absence  of  liaht  indeed,  however  produced,  eeema 
to  soothe  and  quiet  all  animals,  to  dispose  them  to  rest,  to  make  less  food 
necessary,  and  lo  induce  them  to  store  up  more  of  what  they  eat  in  the 
form  of  fat  and  muscle. 

An  experiment  made  hy  Mr.  Morton,  on  the  feeding  of  sheep,  shows 
the  effect  at  once  of  shelter,  of  quiet,  and  of  the  absence  of  light  upon 
the  quantity  of  load  eaten  and  of  muttoQ  produced  from  ^■ 

Five  sheep,  of  nearly  equal  weights,  were  fed  each  with  a  pound  of 
oats  a-day  and  as  much  turnips  as  they  chose  to  eat.  One  was  fed  in 
the  open  air,  twoinan  open  shed— one  of  (hem  being  confined  in  a  crib — 
two  more  were  fed  in  a  close  shed  in  the  dark — and  one  of  these  also  was 
oonfined  in  a  crib,  so  as  to  lossea  as  much  aa  possible  the  quantity  of  ex- 
ercise it  should  take.  The  increase  of  live  weight  in  each  of  the  five, 
and  the  quantity  of  turnips  they  respectively  consumed,  appear  in  the 
following  table : — 


lbs.  lbs,  lbs.  lbs.  lbs. 

UnsheHered 108         131'7        S3T         1913        1-3 

In  open  ahsds    ....  103        1298        37-8         1394        30 

Do.,  but  confined  in  crLbs  108  130-3        33-3  1239         1-8 

In  a  cloae  shod  in  the  dark  104         133-4        38-4  886        3-1 

Do.,  but  confined' in  cribs  111         131-3        20-3  836        2-4 

From  this  table  it  appears,  as  we  should  have  expected — 

a.  That  much  less — one-third  less — tnrnips  was  eaten  by  the  animal 
which  was  sheltered  by  the  open  shed,  than  by  that  which  was  without 
shelter;  while  in  live  weiffht  it  gained  four  pounds  more. 

b.  That  in  the  dark  the  quantity  of  turnips  eaten  was  one-half  less, 
and  the  increase  of  weight  a  little  greater  still. 

c.  But  that  when  coufined  in  crio&— though  the  food  eaten  might  be  a 
little  less — the  increase  in  weight  -was  not  so  great.  The  animal,  in 
fact,  was  fretful  and  restless  in  confinement,  and  whatever  produces  this 
effect  upon  an  animal  prevents  or  retards  its  fattening. 

d.  Thai  the  moat  profitable  return  of  mutton  from  the  Ibod  consumed, 
is  -when  the  animal  is  kept  under  shelter  and  in  the  dark. 

Such  a  mode  of  keeping  animals,  however,  niust  not  be  entered  upon 
hastily  or  without  due  consideration.  The  habits  of  the  breed  must  be 
taken  into  account,  the  efiect  of  the'  confinement  upon  their  health  must 
be  frequently  attended  to,  and,  above  all,  the  ready  admission  of  fresh  air 
and  a  good  ventilation  must  not  be  fi>rgotten.  By  a  neglect  of  the  pro- 
per precautions,  unfortunate  results  have  ftequently  been  obtained  and  a 
sound'pracrice  brought  into  disrepute.  . 

5".  VenSlalion  and  cteanlitiess  indeed  are  important  helps  to  economy 
in  the  feeding  of  all  animals.  Shelter  and  warmth  will  do  harm,  if  free 
and  ptireair  ib  not  admitted  to  the  fattening  slock.  The  same  is  true  of 
cteanlineas,  so  favourable,  to  the  health  of  all  animals.  The  cleaner 
their  houses  and  skins  are  kept,  the  more  they  thrive  under  any  given 
Ibrm  of  treatment  in  other  respects. 


EFFECT    OF    THE   SOURING    OF    FOOD.  611 

§  13.  Influence  of  &e  form  or  slaU  in  wkidi  (he  food  is  given  on  the 
quan&ly  required  by  an,  cmimal. 
The  state  in  which  the  food  ia  giveu  to  his  stock  has  often  an  important 
influence  upon  the  profits  of  the  feeder.     Thus — 

1°.  The  soaring  oi  tlie  ibod,  in  some  cases,  niakesita  use  more  econo- 
mical.- Arthur  Young  details  several  series  of  experiments  on  the  fat- 
tening of  pigs,  in  which  bean  meal  was  given  mised  with  water  la  the 
sweet  state,  anil  after  it  had  been  allowed  to  stand  several  days  to  sour. 
In  every  case  in  which  it  was  given  sour,  the  pork  obtained  gave  a  profit 
upon  the  price  of  tie  meal,  while  ia  every  case  in  which  the  same  meal 
was  given  sweet  and  in  equal  (juantity,  the  price  obtained  for  ihc  pork 
was  less  than  that  which  was  paid  for  tliQ  ineaL 

Upon  sout  food,  indeed,  piga  are  universally  observed  to  fatten  best. 
In.Holstein,  it  ia  customary  to  collect  waste  green  herhageof  every  kind, 
and  to  let  it  soar  in  water.  It  then  fattens  pigs  which  would  scarcely 
thrive  on  it  before.  During  this  souring  of  vegetable  matter  ia  water,  it 
ia  lactic  acid-T-the  acid  of  milk— iwhich  is  chiefly  produced.  This  acid, 
therefore,  would  appear'  to  favour  the  increase  of  size  in  the  pig,  and  to 
this  cause  may  be  owing  the  profi^ble  use  of  sour  whey  in  feeding  this 
kind  of  stock  in  cheesa-mating  districts. 

,  1  have  been  told  by  some  cow-feeders  ■who  use  brewers' grains,  that 
ihetiry.  cows,  when  fattening  off,  relish  the  grains  most  when  slightly 
sour,  and  fatten  raost  quicklj' upon  them.  FrOm  othersv  however,.! 
have  obtained  a  contrary  opinion,  and  have  been  assured  ^at  fattening 
stock  of  all  kinds  like  the  grains  best,  and  thrive  best  upon  them,  when 
perfectly  sweet  and  fresh.  It  is  a  matter  of  doubt,  therefore,  whether  or 
not  the  souring  of  food  generally,  of  all  kinds  and  for  all  kinds  of  stock, 
can  be  safely  tried  or  recommended. 

2".  The  boitiagor  eieoffting-of  dry  food,  and  even  of  potatoes  and  tur- 
nips, is  recommended  by  many  as  an  economical  practice.  I  heUeve 
that  the  general  result  of  tlie  numerous  .experiments  which  have  been 
made  upon  (his  sutgect  in  various  parts  of  the  country  is  in  favour  of 
this  opinion  in  so  far  as  regards  fattening  and  growing  stock.  It  seems  a 
more  doubtful  practice  ia  3ie  case  of  horses  which  are  intended  for  heavy 
and  especially  for  fast  work — though  even  for  these  animals  the  use  of 
steamed  food  is  beginning  to  be  adopted  by  some  of  the  raost  extensive 
coach  contractors.     [Stephens'  Book  oftlte  Farm.] 

3°.  It  is  acuclous'faot  not  less  worthy  of  the  attention  of  the  chemist 
than  it  is  of  the  pradlical  man,  that  the  age  of  the  food  singularly  aflects 
its  value  in  the  nourishment  of  animals.  Thus  new  oats  are  not  con- 
sidered fit  for  hualers  before  the  months.of  February  or  March.  They 
affect  the-  heels  and  litnha  with  something  like  grease,  and  make  the 
liorse  unlit  for  fast  work.  Nor  is  it  merely  water  whicli  the  grain  loses 
by  l)ie  five  or  si's  months'  keeping — for  if  it  be  dried  in  the  kiln  it  is  still 
Unfit  for  use,  from  its  stimulating  in  an  extraordinary  degree  the  action 
of  the  kidneys.-  Some  chetmeal  change  takes  place  in  tile  interior  of  the 
oat  wliich  has  not  yet  been  investigated. 

The  potato,  on  the  other  hand,  by  keeping,  loses  much  of  its  nutritive 
value,  even  before  it  has  begun  to  sprout — and  every  feeder  knows  thai 
turnips  which  have  shot  into  flower,  add  much  less  than  before  to  the 
weight  of  his  fattening  stock.  v.  ni,  )k  'X'*- 


612  INFIDENCE   OP   SOIL   / 

^  14.  Influence  of  soil  and  culture  on  ike  nutTiUiie  'Balue  of  agricultural 

I  have  on  several  former  occnsions,  (pages  500  to  698),  directed  your 
afteniLon  to  the  remarkable  influence  wiiich  soii,  culcuve,  and  climate 
have  upon  the  chemical  composition  of  the  different  corn  and  green  crops 
usually  raised  for  food.  Every  sttch  change  of  composition  alters  also 
the  nutritive  value  of  any  given  crop.  If  the  wheat  or  bariey  be  richer 
in  gluten,  it  will  build  up  more  muscle — if  it  abound  more  in  staich,  a 
smaller  weight  of  it  will  supply  the  carbon  of  respiration — if  it  be  richer 
in  fatty  matter,  it  will  round  off  the  edges  of  the  bones,  and  fill  up  the  in- 
equalities in  an  animal's  body  more  quickly  with  fat.  Such  differences 
as  these  I  have  already  showa  you  do  really  exist  among  samples  of  the 
same  kind  of  grain  grown  upon  soils  either  of  different  quality,  or  of  tbe 
aame  quality  when  differently  cultivated  or  maijured. 

But  this  different  culture  or  manuring  aSects  the  relative  proportions 
of  the  several  kinds  of  inorganic  matter  also — the  phosphates  and  other 
saliae  substances — which  are , known  to  esist  necessarily  in  all  vegetable 
productions.  In  Olustration  of  this,  I  wodid-direct  your  attention  to  the 
following  analyses — made  in  my  laboratory  by  Mr.  Frombel'g— of  the 
ash  of  two  samples  of  the  same  kind  of  turnip  (red  topped  yellow) 
raised  by  Iiord  Blancyre,  on  the  Same  field,  the  one.  with  guano  alone, 
the  other  with  farm-yard  dung  alone.  ■   The  quantity  of  asTi  left  by  the 


Qmppsitwn  of  tie  ash,  of  tarnips  raised  imlh  guano,  and  loiiltfiiTm-yardilwig, 


loieiior. 

Eiterior.' 

'inlBiior. 

Eiierior.  ' 

55G 

5-03 

540 

10-71 

SulphnteofPotash       .■ 
CaAonale  of  Potash  . 

30  H5 

3704 

3120 

3547 

U-3S 

3674 

17-r,3 

20-m 

10' 17 

5-51 

3-G5 

4-55 

4-49 

1-58 

303 

Oxide  ofManganesi 


1-65  3-43 


97'95  MI6  9908  99-09. 

The  most  striking  difference  between  the  two  varieties  of  ash  is  in  the 
proportion  of  phosphates  they  respectively  contain.  The  ash  of  the 
guano  'urnips  contained  from  25  to  30  per  ceot.  i»f  phosphates,- that  of 
the  dung  turnips  only  fram  9  to  11  per  cent."  This  could  not  fail  to 
make  an  important  difference  in  their  relative  values  for  the  feeding  of 
stock  who^e  boaes  are  growing,  and  which  require,  therefore,  a  larger 
supply  of  phosphates  in  tlieir  food. 

The  phosphates  of  lime  and  magnesia  fbm),  as  WB  know,  one  of  the 
valuable  constituents  of  guano,  but  we  could  scarcely  have  inferred  thai 
(his  manure  would  have  caused  so  much  larger  a  proportion  of  these 
phospliaies  to  enter  into  the  constituents  of  the  turnips  raised  with  them. 

,,.... a;>h«Ic 


It  is  not  unlikely  that  turnips,  raised  from  bones,  will  also  abound  more 
largely  in  phosphates  than  turnips  raised  from  dung  or  rape  dust,  and 
mp.j  tnerefore  be  better  fitted  for  growing  stock. 

§  15.  Can  we  coTTecliy  estimate  the  relative  feeding  properties  of  different 
kinds  of  produce  under  all  circumstances. 
Since  the  several  nutritive  effects  of  diSerent  kinds  of  food  are  de- 
pendent upon  so  many  circumstances — upon  the  state  of  the  anima[ 
itself; — the  purpose  for  which  ii  is  fed — the  mode  in  which  it  is  housed 
and  protected — the  form  and  period  at  which  it  is  given— can  it  be  pos- 
sible to  classify  them  iu  aa  order  which  will  indicate  their  relative  feed- 
ing values  in  all  cases  and  for  all  purposes  7  This  is  obviously  impos- 
sible. We  may  easily  arrange  them  in  the  order  of  their  relative  values 
in  reference  to  some  one  of  the  several  purposes  for  which  food  is  given. 
We  may  shew  in  as  many  diSerent  tables  the  order  of  their  relative 
values  inlaying  on  fat — in  increasing  the  muscles — or  in  promoting  the 
growth  of  bone  ;  but  we  cannot  arrange  theoretically,  nor  can  experi- 
ment ever  practically  classify,  all  our  cumnaon  vegetable  productions  in 
one  invariable  order  which  snail  truly  represent  their  relative  values  in 
reference  to  each  of  these  three  different  points ; — 

1°.'  ^xperiTitenlcd'oalues. — This,  however,  practical  writers  have  often 
attempted  to  do.  Making  their  experiments  in  different  circumstances, 
with  different  varieties  of  the  same  produce,  upon  difierent  kinds  of 
stock,  or  upon  anirnals  fed  for  different  purposes,  they  have  obtained  re- 
gults  of  tlie  most  diversified  kind,  and  have  classified  the  several  kinds  of 
fodder  in  the  most  unlike  order.  I  se'ect  a  few  of  these  results,  for  the  sake 
of  illustration.  Taking  10  lbs.  lif  meadow  hay  as  a  standard, — then,  to 
produce  an  equal  nutritive  effect;  the  different  quantities  of  each  of  the 
otlier  kinds  of  fodder  represented  by  the  numbers  in  the  following  table 
ought  to  be  used— according  to  the  several  authors  whose  names  are 
given, 
Experimental  quantities  of  fodder  whick  must  be  used  to  produce  an 
equal  nutritive  effect,  according  to — 

Schwerta.  Btock.    Pefti.    Thaet.  Pabal.    Meyer.   Middleton. 
Meadow  hay   .    .        10        10        10        10        10        10  10 

Atlermalh  hay      .         11         —         10         —         ~        —  — 

Clover  hay  ...        !0        10  9         9        10       —  — 

Green  clover  in  flow- 

■     erandluoerns  .         —        «         —         45         42        —  — 

Lucerne  hay    .,  9        —         9  9        10       —  — 

Wheat  straw   ..        —        30        36       45        30        15  — 


BSiom  an  inspection  of  this  table,  we  should  naturally  ci 
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that  the  different  kinds  of  fodder  vary  very  much  in  quality,  or  that  those 
■who  determined  their  relative  values  by  experiment  must  have  tried 
their  eSFects  nponvery  different  kinds  of  atoi;l!,  fed  probably  also  foe  dif- 
ferent purposes.  Both  of  these  conclusbns  are  no  doubt  true.  We 
Itnow  tliat  the  same  kind  of  produce  does  vary  very  much  in  chemical 
consdtution,  but  it  is  not  likely  that  dtflerent  samples  of  the  same  kind  of 
turnip  are  so  unlike  each  other  that  29  Ibs.'of  the  one  will  go  a!  ■■  ' 
feeding  the  same  animal  as  80  lbs.  of  another.  These  great  d""" 
in  the  table,  therefore,  seem  to  show  that  different  kinds  or  vi 
fodder  have  been  used,  or  under  different  circumstances,  or  results  so  dis- 
cordant could  scarcely  have  been  obtained. 

A  certain  value,  it  is  (rue,  attaches  to  the  numbers  in  the  table  when 
those  given  by  the  different  authors  nearly  agree.     Thus,  about  ao  of 

Etatoea  and  30  of  carrots  appear  to  be  equal  in  nutritive  value  to  10  of 
y.  It  must  be  confessed,  however,  that  this  sulgeetof  the  experimental 
value  of  different  kinds  of  farm  praduce  in  feeding  stock  of  the  same 
]n}idf(yr  the  same  purposes  is  still  almost  wholly  uninvestigated.  Will 
none  of  the  skilful  stock  feeaera,  ■  of  whom  ao  many  are  now  springing 
up,  turn  their  attention  Iq  this  interesting  field  of  experimental  inquiry? 
2°.  Thewetieal  values. — But  the  theoretical  values  of  different  kinds 
of  food  in  reference  to  a  jjarticular  object,  can  be  determined  by  analyti- 
cal" inyestigf^ona  made  in  the  laboratory.  This  has  been  done  in  a 
very  ahlemaanet  by  Boussingault,  inreference  to  the  valve  of  different 
Mnds  of  fodder  in  the  productun  of  naucle.  These  values,  according  tc 
his  analyses,  are  as  follow,  10  of  hay  being  again  taken  as  a  standard: — 
Theoretical  quantities  of  different  kinds  of  vegetable  produce  vihich  mil 
prodwx  equal  effects  in  tiie  growth  of  muscle  {Boussingaull) : — 

'"     Potatoes 28 

Old  potatoes 41 

Carrots ,15 

Turnips 61 

White  cabbage 37 

V-etches     .■ 2 

Peas ,  .     ■     •       3 

Indian  corn 6 

Wheat -  .       5 

Rye      . 5 

Barley 6 

Oats 5 

Bran     .' 9 

Oil-cake ,.      2 


Hay 10 

Clover  hay,  cut  in  flower  .     .       8 

Lucerne  do 8 

Aftermath  do 8 

Green  clover,  in  flower  ...     34 

Green  lucerne 35 

Wheat  straw 52 

Rye  fitraw      ......     61 

Barley  sa&vf 52 

Oat  straw 55 

Pea  straw 6 

Vetch  straw 7 

Potato  leaves 36 

Carrot  leaves 13 

Oak  leaves 13 

This  table  possesses  much  value.  It  cannot,  however,  be  relied  upon 
as  a  safe  guide  in  all  cases  by  the'  feeder,  because  of  the  differences  in 
the  composition  of  our  crops,  which  arise  fram  the  mode  of  culture  and 
the  kind  jf  manure  employed.  It  possesses,'  however,  a  higher  value 
from  this  ckCumstance— ih'at  as  muscle  in  most  animals  fbr.ms  the  larger 
portion  trf"  their  bulk,  the  order  in  which  different  kinds  of  vegelahle  food 
promote  the  growth  of  this  part  of  the  body,  may  in  most  cases  be  adopted 
as  the  order  also  of  their  relative  values  iu  sustaining  animals  and  keep- 
ing ttiem  in  ordinary  condition.     The  same  remark,  however,  will  not ' 


apply  to  animal  food,  since  wo  may  have  a  kmd  of  a&imal  food,  such  aa 
gelatine,  wftich  would  greatiy  promote  the  growth  of  muscie,  but  which, 
from  its  composition,  is  captt&le  of  lulnistering  so  little  to  the  wants  of 
(lie  other  paits  of  the  body  that  it  will  not  even  support  life  for  "any  length 
»i  time. 

^  16.  Effect  of  different  modes  of  feeding  on  Ike  manure  and  on  the  soil. 

There  remaina  still  one  practical  pdnt  in  connection,  with  ihe  feeding 
of  stock,  to  which  I  think  you  will  feel  some  interest  in  attending. 

The  produeiiou  of  manure  is  an  object  'with  the  European  fanner  of 
almost  equal  importance  with  the  production  of  milk  or  the  fattening  of 
stock,  what  influence  has  the  mode  of  feeding  or  the  purpose  for 
which  the  aninial  is  fed,  upon  the  quantity  and  quality  of  the  manure 
obtained  1 

1°.  The  quantity  of  the  manure  depends  upon  the  quantity  of  food 
which  is  necessary  to  sustain  the  animal.  With  the  exception  of  the 
carbon,  which  escapes  from  the  lungs  in  the  form  of  carbonic  acid,  and 
a  comparatively  small  quantity  of  matter  which,  forms  the  perspiration, 
the  whole  of  the  food  which  Sustains  the  body  is  rejected  again  in  the 
form  of  dun.g. 

Now  the  sustaining  food  inereasea  with  the  Mze  of  the  animal,  with 
the  coldness  of  the  temperature  in  which  it  is  kept,  and  with  the  quantity 
ofeKemiseitis  compelled  to  take.  Lar^e,  hardly  worked,  much  driven, 
and  coldly  housed  animals,  therefore,  il  ample  food  is  given  them,  will 
produce  the  largest  quantity  of  manure.  It  might  be  possible,  indeed,  tc 
keep  large  animals  for  no  olherpurpose  but  to  manufacmte  manure — by 
giving  them  an  unlimited  supply  of  ftod,  using  means  to  persuade  them 
to  eat  it,  and  causing  Ihem  at.  the  same  time  to  take  bo  much  exercise  as 
to  prevent, them  from  ever  increasing  in  weight. 

2".  Quality  of  the  manure. — The  quality  of  the  manure  depends  al- 
most entirely  upon  the  Idnd  of  food  given  to  an  animal,  and  upon  the 
purpose  for  which  it  is  fed. 

a.  The  JiiU- grown  animal,  which  does  not  increase  in  weight,  returns 
in  its  excretions  all  that  it  eats.'  The  manure  that  il  forms  is  richer  in 
saline  matter  and  in  nitrogen  than  the  food,  because,  as  I  have  already 
explained  to  you  in  detail  (p.  472),  a  portion  of  the  carbon  of  the  latter 
is  sifted  out  as  it  were  by  die  lungs,  and  diffused  through  the  air  during 
respiration.  In  other  respects,  whatever  be  the  nature  of  the  food — the 
c]ijantity  of  saline  matter  or  of  gluten  it  contains — the  dung  will  contain 
nearly  the  ^ame  quantities  of  both  or  of  their  elements. 

b.  Tliecase  of  the  fattening  animal  again  is  different.  Besides  the 
sustaining  food,  there  is  given  to  the  animal  some  other  fodder  which 
will  supply  an  additional  quantity  df  fat  If  this  additional  food  be  only 
oil,  then  tfie  dimg  will,  he  little  afieeted  Wit.  It  will  be  little  richer  than 
the  dung  of  the  full-grown  animal  to  which  the  game  sustaining  food  is 

Btit  if  the  additiona!  food  contain  other  substances  besides  fat — saline 
substances,  namely,  and  gluten — then  these  will  all  pass  into  the  dung 
and  make  it  richer  in  preciso  proportion  to  the  quantity  of  this  additional 
food  whic"h  is  given.     Thus  if  oil-cake  he  given  for  the  purpose-of  la"  ' 


1  fat — the  usual  sustaining  food  at  the  same  time  beir^siqjj 
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dung  will  be  enriched  by  all  those  other  fertiliring  constituents  present  in 
the  oil-cake  which  are  not  required  or  worked  up  by  the  fattening  animal.  . 

Honce  it  is  that  the  dun^  of  fattening  stock  is  lisually  richer  than  that 
oF  stock  of  other  kinds.  Oil-eaka  would  be  a  rich  manure  were  ic  put 
into  the  soil  at  once;  it  is  not  surprising,  tberetbre,  that  after  it  has 
parted  with  a  portion  of  its  oil  it  should  still  add  much  to  the  richness  of 


A.  knowledge  of  the  kind  of  material,  so  to  speak,  which  ihe  animal 
requires  to  fatten  it,  explains  ih  a  considerable  degree  another  practical 
fact  of  some  consequence  through  which  it  is  not  easy  at  first  sight  to  see. 
one's  way.  There  are  in  various  parts  of  the  island  certain  old  pastures 
which,  from  titne  immemorial,  have  been  celebrated  for  their  fattening 

Sualities.  PuO-gro5vn  stock  are  turned  upon  them  year  after  year  in  the 
lao  state,  and  after  a  few  months  are  driven  ofT again  fat  and  pliimp  and 
fit  for  the  butcher.  This,  I  have  been  toM  when  on  the  spot,  has  gdne 
on  time  out  of  mind,  and  yet  the  land,  though  no  manure  is  artHieially 
added,  never  becomes  less,  valuable  or  the  pasture  less  rich.  Hence  the 
practical  man  concludes  that  the  addition  of  manure  to  flie  soil  is  uri- 
necftssary,'  if  the  produce  be  eaten  off  by  stock — that  the  droppings  of 
the  animals  which  are  fad  upon  the  land  are  alone  sufficient  to  maintain 
its  fertility. 

But  the  reason  of  tjiis  continued  richness  of  such  old  pastures  ia 
chbflythis— ^thatthe  cattle,  when  put  upon  them,  are  usually  full-grown 
— ithey  have  already  obtained  their  full  supply  of  bone  and  nearly  as 
much  muscle  as  they  require.  While  on  the  fields  they  chiefly  select 
fat  from  the  grasses  they  eat,  returning  to  the  soil  the  phosphates,  saline 
substances,  and  most  of  the  nitroKen  which  the  graces  contain.  Their 
bodies  are  lio  doubt  constantly  fed  or  renewed  by  new  portions  of  these 
substances  extracted  from  the  food  they  eat,  but  fliey  return  to.  the  soil  an 
equal  quantity  IVoin  the  daily  waste  of  their  own  bodies— and  thus  are 
indebted  to,  and  carry  off  the  land,. little  more  than  the  fat  in  which 
they  ace  observed  daily  to  increase. 

But  as  the  materials  of  the  fat  may  be,  and  no  doubt  originally  are, 
derived  wholly — perhaps  indirectly,  yet  wholly — from  the  atniosphere, 
the  land  is  robbed  of  nothing  in  order  to  supply  it,  and  thus  may  con- 
tinue for  many  generations  to  exhibit  an  equal  degree  of  fertility. 

I  give  this  only  as  a  general  explanation,  by  which  the  difficulty 
m.ay  be  solved,  where  no  other  more  likely  explanation  can  be  found 
in  the  local  cireamsiances  of  the  spot,  m  of  tlje  district  in  which  stioh 
rich  old  pastures  exist. 

c.  The  grawing  animal,  again,  does  not  return  to  the  hoO  all  it  re- 
ceives. It  not  omy  discharges  carbon  from  its  lungs,  but  it  also  extracts 
phosphates  from  its  food  to  increase  the  size  of  its  bones,  gluten  to  swell 
out  its  muscles,  and  saline  substances  to  mingle  with  the  growing  bulk 
of  its  blood.  The  dung  of  the  growing  animal,  therefore,  will  not  be  so 
rich  as  that  of  the  full-gtowu  animal  fed  upon  the  same  kind  and  quan- 
tity of  fooil.  Hence  from  the  fold-yard,  where  young  slock  are  reared^ 
the  manure  will  not  be  s&  fertilizing,  weight  for  weight,  as  from  a  yard 
in  which  full-grown  or  fattening  animals  only  are  fed. 

d-  The  mil/f  coia  exhausts  still  further  the  food   it  eats.     In  the  lean 
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milk  COW,  which  has  linle  muscle  or  fat  to  waste  away,  aod,  therefore, 
htlle  to  repair,  the  sustaining  food '  is  reduced  to  the  smallest  possible 
quantity.-  This  small  portion  of  ibod  is  all  that  is  returned  tothe  hus- 
bandman in  her  dung.  The  phosphates,  salts  and  gluten,  and  even  the 
starch,  of  the  remainder  of  the  food  she  oats,  are  transformed  in  her 
system,,  and  appear  again  in  the  form  of  milk.  The  dung  of  the  milk 
cow  must  be  very  much  poorer,  and  leas  valuable,  compared  with  the 
food  she  eats,  than  that  of  any  other  kind  of  stock. 

It  is  true  that  the  bulk  of  het  dung  may  not  be  very  much  less  tlian 
that  of  a  full-grown  animal  which  is  yielding  no  rrulk,  but  this  bulk  is 
made  up  chiefly  of  the  indigestible  woody  fibre  and  other  comparatively 
useless  substances  which  her  bulky  food  conl^ns.  The  ingredients  of 
the  milk  have  been  separated  from  these  other  substances  as  the  food 
passed  through  her  body,  and  hence,  though  bulky,  the  dung  of  the  milk 
cow  is  colder  and  less  to  be  esteemed  than  that  of  the  dry  cow  or  of  the 
fu]l-grown  OK. 

Nothing  can  more  strikingly  illustrate  the  difference  between. the  effect 
of  the  digestive  organs  of  the  fattening  ox  and  those  of  the  inilk  cow 
upon  the  food  they  consume,  than  the  well-known  and  remarkable  dif- 
ference In  quality  which  exists  between  distillery  dung,  obtained  from 
flattening  cattle  fed  upon  the  refuse  of  the  disUUeiies,  and  cow-feedert' 
dung,  voided  W  milk  cows  fed  upon  nearly  the  same  kind  of  food — 
namely,  the  reluse  of  the  breweries. 

§  17.  Summary  of  the  views  Ulvstrated  in  the  present  LeeHre. 

The  topics  discussed  in  this  Lecture  are  of  sp  interesting  a  kind,  and  so 
faaautifully  connected  together,  that  you  will  permit  me,  I  am  sure, 
briefly  to  draw  your  attention  again  to  the  most  itnportant  and  leading 
points. 

1°.  It  appears  that  all  vegetables  contain  ready  formed — that  is, 
form  during  their  growth  from  the  food  on  which  they  live — those  sub- 
stances of  which  too  parts  of  animals  are  composed. 

2°.  That  from  the  vegetable  food  it  eats,  the  animal  draws  directly 
and  ready-formed  the  materials  of  its  own  body — phosphates  to  form  the 
bones — gluten,  &c.,  to  build  tip  its  muscles — and  oil  to  lay  on  in  the 
form  of  fat. 

3".  That  duriiigthe  process  of  respiration  a  full  grown,  man  throws 
olF  from  his  lungs  about  8  6a. — a  cow  or  horse  five  times  as  much — flf 
carbon  every  24  hours ;  and  that  the  main  office  of  the  starch,  gum,  and 
sugar  of  vegetable  food  is  to  supply  this  qarbon.  In  carnivorous  animals 
it  is  supplied  by  the  fat  of  their  food — in  starving  animals,  by  the  fat  of 
their  owti  bodies — and  in  young  animals,  which  live  upon  milk,  by  the 

4°.  That  muscles,  bone,  skin,  and  hair  undergo  a  certain  necessary 
daily  wiKte  of  aubslaace — a  portion  of  each  being  removed  every  day 
and  carried  out  of  the  body  in  the  excretions.  The  main  function  of  (he 
gluten,  the  phosphates,  and  the  saline  substances  in  (he  food  of  the  fuH' 
grown  animal,  is  to  replace  the  portions  of  the  body  which  are  thus  re- 
moved, and  to  sustain  its  original  condition.  Exercise  increases  this  na- 
tural waste  and  accelerates  the  breathing  also,  so  as  to  render  necessary 


a  larger  sustaining'  supply  of  food — a  larger  daily  quantity  to  keep  .the 
animal  in  condition. 

5°.  That  the  fat  of  the  body  18  generally  derived  from  the  fat  of  ihe 
vegelable  food — which  fat  undergoea  during  digestion  a  change  or  trans- 
formation by  which  it  is  converted .  into  the  peculiar  kiiids  of  fat  which 
are  specially  filled  to  the  body  of  the  animal  that  eats  it.  Id  carnivor- 
oua  animals,  the  fat  is  also  derived  directly  from  the  fot  of  their  food — 
which  is,  in  like  maaiier,  changed  in  order  to  adapt  it  to  the  constitution 
of  their  own  bodies.  In  eases  of  emergency,  il  is  probable  that  fat  may 
be  formed  in  the  animal  from  the  starch  or  sugar  of  the  food. 

6°-  In  the  growing  animal,  the  food  has  a  double  (unction  10  perform, 
it  must  sustain  and  it  must  increase  the  body.  Hence,  if  tlie  animal  In; 
merely  increasing  in  fat,  the  food,  besides  what  is  necessary  to  make  op 
lor  ttje  daily  waste  of  various  kinds,  must  aiso  supply  an  additional  pro- 
portion of  oil  ot  fat.  To  the  growing  animal,  on  theotber  hand,  it  mljst 
supply  also  an  additional  quantity  of  gluten  for  the  muscles,  and  of  phos- 
phates for  the  bones.  If  lo  each  of  a  number  of  animals,  equal  quantities 
of  the  same  kind  of  food  be  given,  theu  those  which  require  the  smallesi 
quantity  of  iboii  to  sustain  them  will  have  the  largest  proportion  to  con 
vert  into  parts  of  their  own  substance.  Hence,  whatever  lends  to  in- 
crease the  sustaining  quantity — and  cold,  exercise,  and  uneasiness  do  sri 
— will  tend,  in  an  equal  degree,  to  lessen  the  value  of  a  given  weight  dl' 
food,  in  adding  to  the  weight  of  the  antmal's  body.  To  the  pregnani 
and  to  the  milk  cow  the  same  remarks  apply.  The  food  is  partly  es- 
pended  in  the  production  of  milk,  and  the  smaller  and  leaner  ihe  cow  is, 
less  food  being  required  to  suBlain  the  body,  the  more  will  remain  for  this 
production  of  milk. 

7°.  Lastly,  that  the  quantity  and  quality  of  the  dung — while  they  de- 
pend in  part  upon  the  kind  of  food  with  which  the  anima!  is  fed — yet 
even  when  the  same  kind  of  food  is  given,  are  materially  affected  bj'  the 
purpose  for  which  the  animal  is  fed.  If  it  be  full-grown  and  merely 
kept  in  condition,  the  dung  contains  aU  that  was  presentin  the  food,  ex- 
cejit  the  carbon  that  has  escaped  from  the  lungs.  If  it  be  a  growing 
animal,  then  a  portion  of  the  phosphates  and  gluten  of  the  food  are  re- 
tained to  add  to  its  bones  and  muscles,  and  hence  the  dung  is  something 
less  in  quantity  and  conMderably  inferior  in  quality  to  tlwt  of  the  full- 
grown  animal. 

So  it  is  in  the  case  of  the  milk  cow,  which  consumes  comparatively 
little  in  sustaining  her  own  body,  but  exhausts  all  the  food  that  passes 
through  her  digestive  organs;  for  the  production  of  the  milli  which  is  to 
feed  her  young. 

The  reverse  takes  place  with  the  fattening  on.  He  takes  little  else 
from  the  rich  additional  food  he  eats  but  Ihe  oil  with  which  it  is  intended 
that  he  should  invest  his  own  body.   Its  other  constituents  are  for  the  most 

Eart  rejected  in  his  excretions,  and  hence  the  richness  and  high  price  of 
is  dung. 


Such  are  the  main  points  I  have  endeavoured  to  illustrate  to  yon  in 
this  Leottire — they  involve  so  many  interesting  considerations,  bplh  of  a 
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theoretical  and  of  a  practical  kind,  that  had  ray  limiis  permiiied  I  could 
liave  wished  to  dwell  upoo  (hem  ac  slill  greater  length. 
5  18.  Concluding  Section. 

I  have  now  brought  the  subject  of  these  Lectures  to  a  close.  I  have 
gone  over  the  whole  graund  which  in  the  outset  I  proposed  to  tread.  It 
is  the  first  time,  I  believe,  that  much  of  ii  has  been  trodden  by  scienlifio 
men,  and  I  have  endeavoured  in  every  part  of  our  journey, jo  lay  before 
you,  as  clearly  as  I  could,  everything  we  knew  of  the  country  we  passed 
over,  in  so  far  aa  it  had  a  practical  bearing  or  was  likely  to  be  suscepti- 
ble hereafter  of  a  practical  application. 

In  the  first  Part,  I  directed  yoor  alteution  to  the  organic  portion  of 
planta — showed  you  of  what  substances  it  consisted — on  what  kind  of 
organic  food  plants  live— and  \iy  what  chemical  changes  the  peculiar 
organic  compounds  of  which  they  consist  are  formed  out  of  the  organic 
lood  on  which  they  live. 

In  the  second  Pari,  I  explained  in  a  similar  way  the  nature,  composi- 
tion, and  Origin  of  the  inorganic '  portion  of  plants.  I  dwelt,  also,  upon 
the  nature,  origin,  and  natural  diflerences  which  exist  among  the  soils  on 
which  our  crops  are  grown,  and  from  wliich  the  inorganic  constituents  of 
plants  are  allogelher  derived.  This  led  me  to  explain  (he  connection 
which  exists  between.  Agriculture  and  Gieology,  and  the  kind  of  light 
which  this  interesting  science  ia  fitted  to  throw  upon  the  means  of  prac- 
tically improving  the  soil. 

In  the  third  Part,  I  dwelt  upon  the  various  means  which  may  be 
adopted  for  mcreasing  the  general  productiveness  oC  the  land — whether 
these  means  be  of  a  mechanical  or  chemical  nature.  The  whole  doc- 
trine of  manures  was  here  discussed  and  many  suggestions  oflered  to 
your  notice,  which  have  already  led  to  interesting  practical  results. 

In  the  fourth  Part,  I  have  explained  the  chemical  composition  of  the 
several  kinds  of  vegetobSe  produce  which  are  usually  raised  for  food — 
showed  upon  what  constituents  their  nutritive  values  depend — and  how 
soil,  climate,  and  manure  affect  their  composition  and  theif  value  as 
food.  The  nature  and  composition  of  milk  and  of  its  products — butler 
and  cheese — the  theory  of  (heir  manufacture,  and  the  circijrrt stances  upon 
which  thoir  respective  qijantities  and  qualities  depend— and,  lastly,  the 
way  in  which  food  acts  upon  and  supports  theanimal  body,  and  how  the 
■value  of  the  inanures  they  make  is  dependenl  upon  the  purpose  for 
which  the  animal  is  fed — these  subjects  have  also  been  considered  and 
discussed  in  this  fourth.Part. 

In  discussing  new  topics  I  have  had  occasion  to  bring  before  you  many- 
new  views.  This,  however,  I  have  not  done  lightly  or  without  consi- 
deration, and  I  feel  it  to  have  been  one  of  the  greatest  advantages  which 
have  attended  the  periodical  form  in  which  these  Lectures  have  been 
brought  before  the  public,  that  it  has  aUowed  me  leisure  to  think,  to  in- 
quire, and  to  make  experiments  in  regard  to  points  upon  which  it  was 
difficult  at  first  to  throw  any  satisfactory  light.  It  is  graliiying  to  me  to 
know  that  the  general  diffusion  which  these  Lectures  have  obtained,  has 
already  dime  some  servicB  to  the  agricultuie  of  the- country. 
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APPENDIX. 


DUBLNG  THE   SNeVINO    SPBIflG  AND    SUUHBB. 

One  of  the  moat  important  objects  which  chemialry  is  at  present  desiroua  of 
Bltairiing  tor  tJie  improvement  of  practical  agriculture,  is  the  dtacovery  and  ap- 
plication of  speciSc  or  special  manures. 

We  kniiH'  that  certain  substances,  such  as  fold-yard  manure,  are  capable  of 
fertilizing  to  a  considerable  extent  almost  any  land,  and  of  causing  it  to  yield 
a  better  return  of  almost  any  crop.  But  we  Know  also  that  manures  or  fertili- 
zers of  nearly  every  kind  are  more  efficacious  on  one  soil  than  on  another,  and 
that  some  answer  better  also  for  one  species  of  crop  than  Kir  another.  The 
case  of  gypsum  will  serve  to  illustrate  both  these  positions. 
,  The  effects  of;gypaum  in  the  United  States,  in  Prussia,  and  othef  parts  of 
Giermany,  and  in  some  districts  of  England,  are  said  to  be  absolutely  astonish- 
ing; "^hile  in  many  other  parts  of  otu;  Island,  of  Germany,  and  even  of  the 
United  Slates,  the  benefit  derited  from  it  has  not  repaid  the  trouble  and  expense 
incurred  in  applying  it.  Gypsum,  therefore,  is«sp«M%  adafttd  for  use  in  cer- 
tain stiils'only. 

Again,  the  remarkable  effecl^i  of  gypsum  liave  been  observed  most  distinct!? 
on  clover*  and  certain  kinds  of  grass.  The  same  b'enefils  have  not  followed, 
to  uiy  thing  Uke  an  equal'^tent,  from  its  use  on  bailey,  oats,  wheat,  or  other 
kind  of  grain;  Therefore,  while  specially  adapted  to  cerlsin  soils,  it  is  also 
Bpecially  ad^ed  to  certain  crops.  It  is  a  kind  of  specific  manure  for  ckiVer 
and  some  of  the  grasses. 

Now,  neither  of  these  subjects  which  it  is  so  important  to  invesUgate, — 
neither  that  of  the  manures  which  are  especially  fitted  for  each  soil,  nor  of  those 
which  are  specially  fitted  for  each  crop,--  can  be  determined  either  from  theory 
or  from  e^peiiments  devised  and  executed  in  the  laboratory  of  a  chemist.  The 
tud  of  the  practical  fermer,  of  many  practical  fiitmers,  must  be  flailed  in.  Nu- 
merous experiments,  or  trials,  must  be  made  in  various  local! lies,  and  by  dliTsr- 
eni  individuals,— all,  however,  according  to  the  same' rigorous  and  accurate 
method, — in  ower  thai,  from  the  comparison  of  many  results,  something  like  a 
general  principle  may  be  deduced. 

It  is  partly  v/ith  a  view  to  determine  the  mode  of  action  of  certain  tertilizersj 
and  partly  in  the  hope  of  obtaining  soiue  additional  light  on  the  subject  of 
manures  specifically  adapled  to  fnHicvlar  crops,  that  I  venture  to  suggest  to  -you 
the  propHety  of  making  one  or  more  of  the  following  sets  of  experiments, 
during  the  spring  and  summer  of  the  present  year.    I  could  have  much  enlarged 

In  refard  to  its  use  In  German)',  I^mpaiUna  saya,— "  It  may  nllh  certBlniy,  be  stated, 
tlist  hy  tlie  use  nl  gypsum  llie  produce  of  dover  and  the  conscguent  amnuntof  live  slock 
have  been  Increased  al  ieast  one-lUTd,"^'Dis  Lehse  vdn  den  MihbiUlisohek  DvHSHlT- 


..Ckxij^lc 


the  liat  of  suggestions,  but.I  neither  wish  to  fatigue  your  attention,  nor  lo  pla«« 
before  you  more  work  of  ihe  kind  than  can  be  readily  accomplished,  jcifS.  liUls 
expense  of  time,  labour,  or  money.  Another  season  will,  I  hope,  afford  us  an 
opporlunity  of  interi-ogating  nalui'e  by  further,  and  perhaps  more  refined,  m"^" 
of  exper ■"- 


creased  ^wtli  of  grass 


,le,  that  on  certain  soils,  gypsum  causes  a  largely  in- 
and  clover,  but  experiment  alone  appears  capable  of 
s  it  islikely  to  be  thus  beneficial,    buch  experfments, 
tlieretore,  ought  to  be  made  on  every  fiirm,  on  a  small  scale  at  jirst,  and  at  little 
cost,*  but  made  with  care  and  accuracy,  and  wilh  a  minule  auendon  to  weightii 

3".  The  action  of  gypsum  appears  to  be  entirely  chemical,  but  the  only  ej(- 
planation  of  this  action  yet  Bitem  pled  is  far  from  being  satisfactory.  It  is  desi- 
rable therefore,  that  experiments  with  other  substances  should  be  made,  which 
are  likely  to  throw  light  on  the  theory.  ■  Important  practical  results  inay  at  the 
same  time  be  obtained — they  are  sure,  indeed,  lo  tollow  from  a  right  under- 
standing of  the  theory. 

In  the  neighbourhood  of  Lyons,  it  has  been  found  that  very  dilute  sulphuric 
acid'  (oil  of  vilrol)  exhibits  the  same  benefidaleffect  upon  clover,  that  has  else- 
where  attended  the  use  of  gypsum.  It  is  dearable,  tiierefore,  (hat  a  compara- 
tive experiment  should  be  made  with  this  acid  on  a  pqrtion  of  the  s&me  lield  to 
which  the  gypsum  is  applied.    Where  the  orie  fails  the  other  may  act. 

3°.  It  was  observed  by  Dr-  Home,  of  Edinburgh,  so  early  as  the  year  1756, 
that  sulphate  of  sodat  had  a  remarkable  effect  in  promoting  the  growth  of  plants 
— ila  action  being  nearly  equal  to  that  of  saltpetre  ornilralfiof  soda.  This  tact, 
though  mentioned  by  tord  Dundonald,  has  been  lost  sight  of  by  practical  men, 
the  EUlphataqf  soda-being  generally  i-epresented  as  too  high  in  prtce  to  be  avail- 
able as  a  fertilizer.S  The  use  of  saltpetre,  however,  and  of  nitrate  of  sDda,  both 
of  which  are  more  than  double  the  price  of  sulphate  of  soda,  show  that  the  cost 
of  this  latter  article  should  not  stand  in  the  way  of  an  accurate  trial  of  its  vhIub 
BS  a  fertilizer  on  vanous.  oro[fs.  Dry  sOlphata  of  soda  can  be  readily  obtained 
from  any  of  the  alkali  works  on  the  Tyne,il  and  being  an  article  of  domestic 
manu&cturs,  it  is  proper  that  its  merits  shOtjld  be  BBcertained,  and,  if  it  can  be 
available,  that  ite  use  should  be  encouraged. 

From  the  dtcumstance  of  its  containing  sulphuric  acid,  therefore^  1  would 
recommend  that  it  should  be  tried  on  clover'  and  grass,  in  comparison  wilh 
gypsum  andBulphuiic  acid,  and  on  a  portion  .lif  the  same  field.  It  may  suc- 
ceed where  the  others  fait. 

4°.  Nitrate  of  soda  also,  as  a  top-dressing  on  grass  land,  has  been  oHen  used 
with  great  benefit.  I  have  seen  grasSrandmDttmfriesshirCj.which,  after  heing 
long  let  for  pasture  at  30s.  an  acre,  had  been  sprinkled  with  ai)  annual  top- 
dressing  of  nitrate  of  soda  at  tiie  rate  of  20s.  an  acre,  and  hljd  since  readily  let 
at  £4  an  BCr^,  yielding  thus  an  annu(|l  profit  of  30s.  an  acre  to  the  landlord. 

in  otiier  districts,  aaain,  it  has  been  found  to- answer  better  for  corn.  Thus, 
aller  a  disci^ssion  on  mis  subjwl  in'lhe  Gloucester  Farmers'  Club,  it  was  agreed, 
thai  nitrate  of  soda  "was  a  very  valuable  manure  for  white  straw  crops,  but 

IGjpsam  consists  sfiAi^iAiTic  acid  and  limt, 

t  (Maitiw  (oJU— coDsinin;  of  Bulptnirle  wjid  and  suda. 

S  Lord  Dmi'donBid  says--'' Frotn'eipe^liaeiils  it  hu  been  proved  to  promote  vegetation  In 
■  veiv  high  degree.  The  high  price  at  present  of  Ihis  anicle  prerludesthe  oseof  tl,but 
could  It  be  made  and  sold  at  a  cbeBp  rate,  Ifwould  pigve  a.  most  laluable  acquisition  lo  agrl- 
ODlfnre.''    SiDce  the  time  of  Lord  DtrndoDald  WRie  trials  made  la  BBrauiay  have  shown  II 

IMestra.  Allan  &  Co., of  Ihe  Ileworih  Alkali  Works,  deliver  it  inNewQBsLle  and  Ihe  neigh 


manner  by  Mr.  Gray,  of  Dilslon,  it  was  found  to  yield  a  mosl  profllable  return 
on  both  hay  and  barley. 

ThesB  results  show  the  necessity  of  further  trials,  not  only  for  the  purpose  of 
illustrslln^  the  cause  of  the  beneficial  action  of  this  saline  substance,  but  also 
with  the  view  of  arriving  at  some  general  rale  by  which  the  practical  man  muy 
be  gullied  in  determining  on  lekal  Jields,  and  for  what  crops  on  those  fields,  the 
nitrate  of  soda  may  be  beneficially  applied 

This  experiment,  like  the  others  above- mentioned,  will  be  much  more  valua- 
ble, if  made  in  such  a  way  that  the  result  ciin  be  compared  wilh  that  obtained 
by  the  use  of  other  chemical  agents.  I  would,  therefore,  propijse  that  in  the 
same  field  of  grass  or  clover,  a  portion  should  be  measured  off,  to  be  top- 
dressed  with  nitrate  of  soda,  that  thus  not  only  the  absoHte,  but  also  the  com- 
parative, weight  of  the  producs  may  at  the  Bame  time  be  ascertained. 

5°,  There  are  other  trials  also,  (rora  which  this  general  subject  is  capable  of 
receiving  ilhisMation.  The  fertilizing  power  of  gypsum  has  been  explained  by 
.  it^  supposed  action  on  the  ammonia  which  is  presumed  lo  exist  in  the  atmos- 
phere. Jf  this  be  the  true  espianallon,  a  substance  containing  ammonia. should 
act  at  least  as  en»gelically.  At  all  events,  the  action  of  fold-yaM  manure  and 
of  putrid  urine  is  supposed  to  depend  chiefly  on  the  ammoraa  they  conlaui  or 
give  ofF.  Now,  among  the  substances  contammg  ammonia  in  large  quantity, 
which  in  mosi  towns  are  allowed  lo  run  to  waste,  the  ammojiiacal  liquor  ot 
the  gas  works  is  one  which  can  easily  be  obtained,  and  can  be  applied  m  aU- 
quiflslate  at  very  little  coal.  It  must  ba  previously  diluted  with  water  till  its 
teste  and  smell  become  scarcely  perceptible 

I  would  propose,  therefore,  as  a  further  experiment,  that  along  with  one  or 
more  of  the  substances  above-mentioned,  the  ammoniacal  liquor  of  the  gas 
works  should  be  also  tried,  on  a  measured  portion  of  ground,  and,  if  possible, 
in  the  same  field.    ' 


t  partly,  if  not  chiefly,  in  consi 

_   ..    _..   . .    Lcesterahire  it.  is  applied  lopoti 

a  and  10  wheat,  ohietiy  lo  the  latter,  and  with  great  success.    In  the  Wolds 


of  Yorkshire  it  is  also  applied  largely  lo  the  wheat  crop,  at  the  rate  of  about  21 
bushels  to  the  acre.*  In  this  county  it  is  fl-equently  used  on^grass  land,  lo  the 
amount  of  30  bushels  an  acre,  and  though  1  am  not  aware  that  it  is  extensively 
eraplored  upon  clover,  I  am  inclined  lo  anticipate  that  the  sulphur  it  conlains.t 
in  addllion  to  the  ammonia,  would  render  it  useful  to  this  plant.  At  all  events, 
comparative  experiraents  in  the  saYne  iield  with  the  gypsum  and  the  ammonia- 
cal liquor,  are  likely  to  lead  to  interesting  results. 

7°.  Common  salt,  highly  reeommend&i  as  a  manure  by  some,  has  been  aa 
much  d^ireoiated  by  pUierH,  and  hence,  when  directly  apphed,  is  considered  as 
a  doubtiul  fertilizer  by  almost  all.  The  obscurity  in  regard  to  its  use,  however, 
rests  chiefly  on  the  quantity  which  ought  to  be  employed.  The  result  of  com- 
parative experiments  made  in  Germany,  showed  that  a  very  few  pounds  per 
acre  were  suflioieht  to  produce  a  largely  increased. relam  of  grass — while  in 
England  it  has  been  beneficiallyi  applied  within  the  wide  limits  of  from  five  to 
twenty  Bushels  per  a^re,  and,  when  used  for  cleanitig.  the  land  for  autumn,  of 
.thirty  bushels  on  acre. 

Among  the  comparative  experiments  upon  grass, and  clover  bete  suggested, 
the  eflect  of  salt  might  also  be  tried  with  the  prospect  of  practical  benefit.    It 


the  eflect  of  salt  might  also  be  tried  with  the  prospect  of  practical  benefit. 

would  give  an  additional  interest  to  the  elperiments  an'  " ' -jj^-^  — 

term  ofcomparison, 

'  The  price  la  fiom  6i3.  to  1h.  a  bushel.    la  this  cannly  the  be 
derlied  ^U^  fi^omuie  adeaof  I'lieSne. 


The  erjire  series  of  experimei 
occapy  aght  patciiea  on  a  clove 
dressed  fov  the  purpose  of  compa 


s,  therefore,  which  I  would  reoommenil,  Would 
or  grass  field,  one  of  which  would  be  ieil  un- 
son.     Thus,  each  plot  being  half  an  acre  ■ 


-e;"' 

"Lsf- 

SullihurJc 

"Si"' 

Common 

Soot. 

The  ammoniRoal  liquor  and  the  soot  are  placed  as  far  as  possible  from  tha 
gypsum  and  sulphucio  acid,  ihatihey  may  not  interfere  with  each  other's  action. 
In  «  large  field  they  might  be  placed  still  farther  apart,  and  other  trials  mig^t  be 
made  in  one  or  Iwo  of  the  vacant  places. 

The  appearance  of  Rach  patch  should  be  entered,  viilh  lAe  date,  in  an  experi- 
ment book,  at  weekly  intervals,  and  tha  final  produce  both  of  hay  and  of  after- 
math carefully  noted,  both  as  ia  iB^ht  nnd  qanHiy. 

Nor  will  the  eitperiment  be  compleied  when  the  crop  for  the  year  is  gathered 
in ;  but,  where  it  is  possible,  two  fuKhor  points  should  be  ascertained,— 

1°.  The  relative  feeding  or  nourishing  properties  of  the  produce.  To  thoae 
who  tear  and  fatten  cattle,  this  is  a  matter  of  great  importance,  and  it  is  One, 
which  they  could  ea^ly  determine,  at  least  v^y  approximately. 

,3°.  What  has  been  the  permanent  effect  of  the  several  substances  on  the  soil, 
as  indicated  by  the  comparative  quantity  and  quality  of  the  crop  obtained  from 
Bach  hatfaore,  on  the  sttsi^ediji^  or  during  iheiiM/oHoioiBg'yflars.  The  result  of 
these  further  observations  may  materially  modify  th^  conclusion  we  should  draw 
from  the  comparative  weight  and  quality  of  the  produce  of  Iho  first  year. 

I  stall  only  observe,  in  ctjiiciusion,  on  this  head,  that  the  result  of,a  simulta- 
neous trial  of  all  jhesB  substances  in  the  same  field  would  not  only  throw  much 
lisjht  on  the  specific  action  of  each  on  the  grass  or  clover  in  gcneralj  but  would 
be  of  permanent  utility  to  that  farm  or  locality  in  which  the  experiments  wera 
made.  It  would  indicate  the  kind  of  fertilizer  which  was  best  adapted  fo  the 
6rm  or  neigh Ijourhopd,  in  the  exiating  condition  of  ila  general  ctilture.  It  would 
fbrm  a  local  record,  useful  not  only  to  the  tenant  who  made  the  experiment  (if 
well  made)  and  by  whom  the  farm  at  the  lime  was  tenanted,  but  more  useful 
by  far,  and  more  permanently  so,  to  the  owner  of  the  land,,  whose  interest,  in  it 
is  supposed  to  be  not  only  greater,  but  much  more  lasting. 

In  regard  to  the  qaaiihlies  of  the  several  substances  above- mentioned,  which 
are  to  be  applied  to  each  aere,  they  may  probably  be  varied  according  tc  - '- 
^i'ovA  the  following  may. be  recommended  in  f 


n  the  comparative  experi- 


1°.  Gypsum  3  to  3.  owt.  pec  acre. 

S°.  Sulphate  ofSoda  I  cwl.  per  acre. 

3'.  Nitrate  of  Soda  1  owt  per  acre. 

4°.  Soot  30 bushels  per  acre — this  in  different  districts  may  be  varied  accord- 
ing to  the  known  qualuy  6f  the  soot 

5°.  Of  Sulphuric  Acid  from  30  to  40  lbs.  per  acre,  applied  at  three  or  four 
several  internals — and  diluted  with  at  least  300  limes  its  weight  of  water.  Or 
so  much  water  may  be  added  as  to  make  it  perfectly,  tasteless,  or  so  weak  aa 
not  sensibly,  to  mjure  the  texture  of  a  plant  left  In  it  during  the  previous  night.* 

6°.  Of  Ammoniacal  Liquor  100  to  300  gallona  psr  acre,  according  to  its 
strength,  for  this  is  constantly  varying.  It  must  also  be  diluted  With  so  large  a 
quantity  of  water  as  will  render  it  p«mctly  tasteless,  and  is  likely  to  prove  most 
beneficial  if  laid  on  at  several  successive  periods. 


1^  diluted 


k  atdQld^  diluted 


or  (our 


id  EBllom 


■1  two  gallor 


id  of  the  aij 
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T.  Of  rommoii  salt  it  ■will  be  safer  to  apply  not  more  llianfourtosiibusiiels 
an  acre;  though,  where  time  and  circumstancea  permit,  comparative  irials  might 
abu  be  made  on  the  eificacy  of  salt  when  applied  in  dinereat  proportions,  to  the 
same  lanil  On  which  the  other  experiments  are  inade. 

As  to  the  time  when  these  sevei'al  dressings  ought  to  be  applied,  some  iaria> 
tion  may  be  made  according  to  the  stale  of  the  young  crop.  They  need  not,  in 
general,  ha  used  before  the  lOth  of  April,  and  tliey  should  rarely  be  later 
than  the  middle  of  May, 

It  will  he  desirable  that  in  jhe  detail  of  every  aet  of  ejp«riments,the  kind  and 
quality  of  the  soil  (and  subsoil)  should  bestated — with  its  drainage  and  expo- 
sure— and  the  kind  of  grass  or  clover  which  had  been  sown  upon  it. 

It  is  known  that  saltpetre  and  nitrate  of  soda  produce  highly  beneficial  elfects 
on  all  these  varieljea  of  grain;  There  remains  much  to  be  done,  however,  be- 
fore the  principle  of  their  operation,  or  the  eircunjstances  on  which  their  most 
useful  application  depends,  can  be  clearly  understood.  Their  relative  effects  on 
the  sarne  kind  of  grain  must  be  made  the  subject  of  more  frequent,  more  precise, 
and  more  carefully  conducted  experiments — and  these  effects  must  be  compared 
with  those  of  other  fertilizing  substances,  in  oirder  that  we  may  arrive  ultimate- 
ly Bt  some  comparative  estimate  of  die  practical  value  of  each,  in  increasing  the 
growth  and  produce  of  those  crops  which  are  the  staples  of  animal  food. 

A.—O/W/Kat. 

It  is  confidently  staled  by  some,  as  a  general  rule,  that  saltpetre  is  mors  ad- 
vantageous than  nitrate  of  soda,  when  applied  to  wheat.  On  the  other  hand,  it 
is  beyond  question  that  the  application  of  nitrate  of  soda  to  Wheat  has  been 
found  productive  of  remarkable  benefit 

Is  saltpetre  especially  adapted  for  wheat  of  all  varielies,  on  all  sm2s,  and  under 
enery  variety  of  managemeai,  and  is  nitrate  of  soda,  in  like  manner,  especially 
fitted  for  barley  and  oats  t 

These  are  questions  to  which  the  experiments  hitherto  made  do  not  enable  us 
to  give  a  reply.  New  data  must  he  obtained  befoie  we  can  have  the  means  of 
reasoning  usefully  in  regard  to  any  of  them.     I  would  propose,  therefore, — 

1°.  That  where  two  varieties  of  wheat  are  sown  on  the  same  field  or  on  dif- 
ferent fields  of  precisely  the  same  kind  of  land  and  in  the  same  condition,  that 
two  half  acres  of  each  variety  should  be  measured  .off,  and  that  one  half  acre  of 
each  should  be  dressed  with  saltpetre,  and  the  other  with  nitrate  of  soda,  at  the 
rate  of  1  cwt.  per  acre",  Ifihrae  varieties  could  be  so  treated,  the  experiment 
■would  be  the  more  valuable. 

It  would  thus  be  determined  how  far  the  effect  of  each  of  these  nitrates  was 
dependent  upon  the  vaniim  of  wheat  so^wn — and  what  was  the  relative  action  of 
aach  nitrate  upon  any  of  ttie  varieties. 

2=>.  That  when  the  same  varieties- of  wheat  are  sown  upon  two  or  more  dif- 
ferent soils — in  differeiit  parts  of  a  farm— that  one  portion  of  the  wheat  on  every 
different  soil  should.be  dressed  with  nitrate  of  soda,  and  another  with  nitrate  ot 
potash  (saltpetre).  By  this  experiment,  it  would  be  shown  how  far  the  effect 
of  these  siibslanees  is  depetident  on'the  nature  of  the  soil,  and  how  fiir  the  action 
of  the  one,  compared  with  that  of  the  other,  is  modified  by  diversity  of  soil.. 

In  these  differentexperiments,  tbemanagcment  is  presumed  to  be  the  same. 
If  the  experiments  he  repeated  by  several  persons  in  different  parts  of  the  coun- 
try, tiie  effects  of  difference  of  management  will,  in  a  great  measure,  be  shown 


Of  each  variety  of  whea(,  therefore,  and  on  each  variety  of  soil,  four  patches 
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of  equal  area,  say  half  an  aero,  should  be  tneasu  ted  off— one  of  wliich  should  be 
undressed  for  the  purpose  of  oompariaon:  thus — 

's  before,  the  nature  of  the  soil  and  the  kind  of 
grain  must  be  recorded — the  appearance  of  each  patch 
noted  week  by  week — with  the  time  of  ripening  and 
reaping— and  the  reapectiTe  qualities  and  weights  of 
iheerain  sud  straw  collected  from  each  half  acre. 

The  quantity^  of  gluten  contained   in  the  wheat 

should  also  be  determined,  or  a  sample  of  (he  flout 

d  for  tlie  purpose  to  the  writer  of  these  sug- 

mpanied  by  a  detail  of  the  experiments  they  are  intended  to 


Soda." 

Sttllpelre. 

'XT'' 

Qlustrate. 

B. — Of  Barley  and  Oats. 

To  bailey  and  oats  Ihe  above  remarks  all  apply,  with  this  difference,  Ihat  tq 
tliese  crops  saltpetre  is  said  to  be  less  beneAcinl  than  the  uitrale  of  soda.  In 
connection  witli  these  crops,  however,  I  wolild  make  the  following  addilionol 
dbserration. 

According  to  any  theory  of  the  action  of  the  nitrates  of  potash  and  soda 
which  readily  presents  ilself,  their  effect  on  any  crop  which  they  are  equally 
■  capable  of  benefitting  oughl.to  be  nearly  equal,  weight  for  weight.  The  nitrate 
□f  soda  ought  to  have  a,  decidedly  ir.ore  poweiful  action,  were  it  not  that  the 
state  of  moisture  in  wliich  it  is  generally  sold,  increases  its  weight  so  much  as 
in  a  great  measure  to  deprive  it,  m  equal  weights,  of  this  superiority. 

But  while  1  cwt.  of  saltpetre  (nitra.te  of  potashj  is  recommended  as  a  suffi- 
cient dressing  for  an  acre,  IJ  to  li  cwt.  of  nitrate  of  soda  is  recommended  for 
an  equal  area  Itwould,  therefore,  be  desirable  where  liitrale  of  soda  is  applied 
to  any  large  extent  of  land,  either  with  oats  or  barley,  to  make  a  compEwative 
trial,  on  tliree  equal  portions  of  the  same  field,  with  I,  Ij,  and  Jj  cwt,  per  acre, 

In  addition,  therefore,  to  ^e  experiments  suggested  in  regard  to  wheat,  with 
the  view  of  detemlining — 

1°.  The  absolute  and  relative  efficacy  of  saltpetre  and  nitrate  of  soda  on  dil- 
ftT-ent  varieties  of  the  grain; 

2=,  The  same  on  different  varieties  of  soil ; 

3°.  And  under  diversities  of  management, — as  in  the  previous  treatment  of 
the  land,  &c. ; 

There  may  be  added,  in  regard  to  oats  and  barley,  another  series  of  trial  to 

4°.  The  relative  effects  of  the  different  proportions  of  the  nitrate  of  soda, 
which  is  at  present  aupposcd  to  be  specially  berteficial  So  these  kinds  of  grain. 
If  any  one  be  desirous  of  uniting  Ihis  latter  series  with  the  formei',  il  may  be 


■■"at"' 

Sods,  I  cwt. 

per  8CV8. 

Ballpplre. 

Nitrate  of 

"b:.' 

for  the  purpose  of  c 


t  the  s 


1  a  field  of  Tartaiy  and  of  potatoe 
oats,  and  on  two  or  more  varieties  of  bar- , 

These  top-dressings  may  all  be  sown 
-  broad-cast — on  the  wheat  most  convenient- 
'hen  the  seeds  are  sown  in  Apiil  or  May,  and  on  the  barley  and  oats  when 
Selda  have  become  distinctly  green. 

may  be  permitted  to  add,  as  indncementa  to  practical  men,  to  try  one  or 
e  orlhese  eiperlmenls  in  the  accurate  manner  above  described: 
'.  That  the  result  will  be  directly  available  and  of  immediate  practical  value 
lis  own  fiuTfl,  to  the  person  by  whom  they  are  carefully  mede.    That  they 
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will  be  pemianentlj'  useful  to  liis  landlord  (if  carefully  recorded),  ought  to  bo 
an  inducement  to  the  latter  to  give  every  facility  and  encouragement  to  his  ten- 
ant in  making  them. 

2''.  I'hnt,  instead  of  inTolring  expense  and  outlay,  which  in  many  inatatices 
may  ill  be  spared,  they  are  sure  in  aiiiiBsl  every  case  to  do  more  Ikaa  repay  Uiecost 
of  ■making  (Aem,  by  the  increased  quantity  or  value  of  the  produce  obtained. 
Any  of  the  series  of  eiperiments,  on  the  scale  suggested,  may  be  made  focfivB 
pounds,  so  that  were  the  outlay  alt  to  be  lost,  the  accurate  knowledge  obtained 
in  reference  to  tlie  general  tillage  of  his  land,  would  be  wortli  more  money  to 
the  holder  of  a  farm  of  a  hundred  acres. 

3°.  I  need  scarcely  add,  as  a  further  inducement,  theaddidonal  interest  which 
such  experiments  give  to  the  pracdce  of  farming — and  the  means  they  afford 
of  calling  forth  the  intelligencs  of  the  agricultural  population.  The  moment  & 
man  begins  to  make  experiments  under  the  guidance  of  an  understood  principle, 
from  that  moment  he  begins  to  think.  To  obtain  materials  for  thought  he  will 
have  recourso  to  books — and  thus  every  new  experiment  he  makes,  will  further 

imulate  and  awaken  his  inlellectj  and  lead  him  to  the  acquisilion  of  further 


knowledge.  Does  it  require  anything  more  than  this  general  awaKening  of  th« 
minds  of  the  agricultural  class,  to  advance  the  science  of  agriculture  as  surely 
and  aa  rapidly  as  any  of  the  other  sciences,  the  practical  applicadon  of  wbicn 


.ordinary  developments  of  natural  resources  which  a 
the  characteristic  and  the  pride  of  our  time  1 


The  raising  of  turnips  is  of  such  vast  importance  in  the  prevtuling  system 
of  husbandry,  (hat  any  improvement  in  the  mode  of  culture  must  be  of  exten- 
sive and  immediate  benefit  Experiments  so  numerous  and  so  varied  have  been 
made  with  this  view,  that  it  may  almost  seem  superfluous  in  me  now  to  make 
any  further  snggea^ona  on  the  subject.  But.  when  experiments  have  been 
made  with  aviewloone  subject  only,  it  often  happens  in  all  departments  of  na- 
turai  science,  that  as  newviews  are  advanced  or  more  precise  methods  pointed 
out,  it  becomes  necessary  to  repeat  all  our  former  experiments, — either  for  the 
purpose  of  testing  the  results  they  gave  us,  orof  observing  new  phenomena  to 
which  Qur  attention  had  notfireviously  been  directed. 

I,  Numerous  experiments,  for  example,  have  been  made  upon  the  use  of  bones 
in  the  raising  of  turnips,  but  they  have  been  ehieliy  directed  to  economical  ends, 
and  so  liir  with  die  most  aatislhctorv  resulte.  But  among  fifty  intelligent  and 
thinkingpractioal  men,  and  who  all  agree  in  regard  to  the  profit  to  be  derived 
from  the  use  vif  hones  with  the  turnip  crop,  how  many  will  agree  in  regard  lo 
the  mode  in  which  they  act— how  few  wilt  be  able  to  ai^e  Ji  aaiisfactiKy  reason 
for  the  opinion  they  entertain  I  The  saine  is  true  of  theoretictd  chemists,  soma 
attribulingtheir  effect  more  especially  to  the  earthy  matter,  aaiors  to  the  gelatine 
they  contain;  Dry  bonea  contain  about  two-thiiiis  of  then'  weight  Of  earthy 
matter,  the  other  third  consisting  chiefiy  of  animal  matter  resembling  glue.  Of 
the  earthy  matter  live-sixths  consist  of  phosphate  of  lime  and  magnesia,  and 
the  rest  chiefly  of  carbonate  of  lirne.    Thus  a  ton  of  bone  dust  will  contain- 

■  Animal  matter 74li  lbs. 

Phospate  of  lime,  tec 1345 

Carbonate  of  lime,  &c. 249 

3340 

On  which  of  these  constituents  does  the  efficacy  of  bones  chiefly  depend  1 
Does  it  depend  upon  theanimal  matter  1  This  opinion  is  in  accordance  with  ihe 
following  facts  :— 

1°.  That  in  the  Doncaster  report  it  is  said  to  be  most  effectual  on  calcareous 
ooik,— for  in  the  presence  of  lime  all  organic  matter  more  rapidly  decompose!. 
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■2°,  That  horn  shavings  sire  b  more  powerful  manure  than  bones,— sinre 
horn  contains  only  one  or  two  per  cent,  of  eimhy  matter.? 

3°.  That  before  llie  inlrodiiction  of  cruslied  bones,  Ihe  ashes  of  burned  bones 
had  been  long  employed  lo  a  small  extent  in  agriculture,  but  haie  since  iailen 
almost  enticely-inio  disuse. 

4°.  That  old  sheep  skins  cut  up  and  laid  in  the  drills,  have  been  found  lo 

Jield  as  good  a  crop  of  turnips  and  aft«r-crop  of  corn,  as  the  Mmoindec  of  tlie 
eld  which  was  manured  with  bonea. 

5".  That"40lbs.  of  bone  dust  are  sufficient  to  supply  three  crops  of  wheal, 
clover,  potatoes,  turnips,  &c,,  with  phasphaie3,"t  while  one  to  two-thirds  of  a 
loflof  bones,  conlaining  from  4IW  to  80U  Itaa.  of  phosphates,  is  the  quantity  uau. 
jly  applied  to  the  land. 

On  the  other  hand,  the  quantity  of  animal  matter  present  in  a  ton  of  bones 
(746  lbs.)  is  so  small,  and  its  decomposlUon  so  rapid  during  the  growth  of  the 
turnips — while  at  the  psame  time  the  effects  of  the  bones  are  so  lasting  and  ao 
beneficial  lo  the  after-Crop  of  com — that  many  persons  hesitate  in  considering 
the  gi«Bt  excess  of  phospliatss  applied  to  the  land,  as  really  without  any  share 
of  influence  in  the  production  of  the  crops, 

Tbiia  Spreng^,  an.authorily  of  the  V817  highest  character,  both  in  theoretical 
and  pracbcal  agriculture,  is  persuaded  that  thephosphates  are  the  sole  fertilizing 
Ingredients  in  bonea,  and  he  explains  the  want  of  success  from  the  use  of  crush- 
ed bones  in  Mechlenburg  and  North  Germany,  pn  the  supposition  lliat  the 
soils  in  those  countries  already  contain  a  sufficient  supply  of  phosphates,  while 
in  England  gsnemlly  they  are  deficient  in  these  compounds- 
Further,  if  the  animal  matter  be  the  teniliziog  agent  in  bones,  why  are  not 
Ihey  of  equal  efficacy  on  grass  land  as  upon  lumip  1 

With  the  view,  therefore,  of  leading  10  some  rational  explanation  of  the  rela- 
tive effects  of  the  several  constituents  of  hones,  it  would  be  desirable  to  institute 
comparative  experiments  of  the  following  kind — 

1°.  With  half  a  ton  of  bonea  per  acre. 

2°.  "With  three  oribur  cwt,  of  horn  shavings  ai  glue  per  acre. 

3°.  With  two  cwl.  of  burned  bones  per  acre. 

4,°.  With  six  or  seven  cwt.  of  burned  bone?  per  acre. 

The  quantity  of  burned  bones  in  No.  4  ia  that  which  is  yielded  by  a  ton  of 
fresh  bones;  that  in  No,  3  is  upwarda  of  live  times  what  should  be  lalien  up  by 
the  crops — as  great  part  of  what  is  added  must  be  supposed  to  remain  in  tlie 
■oil,  while  same  must  be  dissoteed  and  ctsrrkd  e^by  tke  rains. 

The  result  of  such  experiments  as  these,  if  made  accurately  on  different  soils, 
wiQ  lead  us  sooner  to  the  truth  than  whole  volumes  of  theoretical  discussion, 

II.  l^itrale  of  soda  has  also  been  applied  Willi  great  benefit  in  the  culture  of 
turnips.  Some  experiments,  exceedingly  favourable  in  an  economical  point  of 
view,  have  been  made  by  Mr.  Bprclay,  of  East  wick  Park,  Surrey  ,t  who  found 
that  one  cwt,  per  awe,  drilled  in  with  the  seed,  gave  as  great  a  return  of  Swedes 
Hs  15  bushels  of  bones,  with  15  of  wood  ashes  per  aci-e,  and  when  the  nitraie  of 
soda  was  sown  broadcast,  from  20  lo  25  per  cent.  more.  In  eveiy  part  of  the 
country,  therefore,  this  substance  ought  to  be  trifd.  And  as  this  nitrate  is  very 
soluble  in  water,  and  may  therefore  be  readily  carried  off  by  the  rain,  and  as 
that  only  which  is  within  reach  of  the  plant  is  of  any  avail,  I  would  suggpst 
that  not  more  than  one-fourth  of  the  whole  should  be  drilled  in  with  the  seed, 
for  the  purpose  of  bringing  aaay  the  plant ;  and  that  after  the  thinning  by  the 
hoe,  the  rest  should  be  strewed  along  the  rows  by  the  hand  or  by  the  drill.     In 

*  This,  I  believe,  israUiera  raalter  of  opinion  IlianDie  result  of  a  su  He  i?nt  number  of  ac- 
tual triais,     Some  triais  made  bf  Mr,  Hawden  (BriliEh  Husbandry,  1,  p,39S)gavc  reEul^ 

tifeWr,  p-  Si.    The  aire  here  spoken  of  is  Ihe  Hessian,  about  llueo-flllhs  or  the  Enslieh 
»rje.  -  "ffle  EngliBh,  therefore,  «ill  require  66  lbs. 
t  tOnnial  of  the  Engliah  Agricultural  8001611, '  F-  4^' 
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this  way  the  whole  energy  of  the  salt  bemg  expended  where  it  ia  required,  the 
greatest  poasible  effect  will  be  produced. 

III.  I  have  already  stated  the  reasons  which  lead  me  to  anticipate  highly  be- 
neficial effects  to  vegetation  from  the  use  of  sulphate  of  soda;  I  would  suggest,, 
therefore,  a  trial  of  this  salt  on  the  tumips  also,  at  the  same  rate  of  I  cwt.  per 
acre,  and  applied  in  the  way  above  recommended  for  Iha  nitrate  of  soda.  Of 
course  the  intelligent  fermer  wilVTary  the  proportions  and  mode  of  application 
ofthese  substances,  as  his  leisure  or  convenience  permit,  or  as  his  better  judg- 
ment may  suggest  to  hLm^ 

The  entile  series  of  eiperimenta  on  turnips,  above  suggested,  may  be  repre- 
sented as  follows,  adding  two  plots  for  dilierent  proportions  of  the  nitrate  and 
sulphate  of  soda  :^ 


2"wl%6r™cra- 

mw^^otsoj^ 

Bono  D1.SI,  or 
Crashed  Bones, 
t  lonpera-ira. 

B 11  mcri.  Bones, 

Sulphareof 

SodH, 

Horn  Shaviiips, 

„_„.. 

S„10^of 

Nitrite  of 

Some  of  these  experiments  most  of  you  m^  easily  try.  Those  with  the 
burned  bones  and  horn  shavings,  which  in  this  part  of  the  country  are  leas  e^sy 
to  be  obtained,  jt  is  not  to  be  expected  that  maiiyof  you  will  think  ofnndertalc- 
ing.  I  hope,  however,  that  lliey  will  not  be  lost  sight  of  by  those  who  possess  fa- 
cilities forobCaining  themin  sumcient  quantity  to  make  a  satisfactoiy  experiment. 

In  many  parts  of  the  United  States,  gypsum  is  the  universal. fertilizer  for 
every  crop,  and  among  the  rest  it  is  said  to  bepefitrtumips.  The  same  opinion 
is  entertained  in.  Germany.  I  am  not  aware  how  &r,  in  what  way,  or  with 
what  fesuilts,  it  has  been  applied  to  the  turnip  crop  in  this  country.  A  simple 
mode  of  testing  its  efScacy,  however,  would  be  to  strew  it  over  ^e  plants  when 
in  the  rough  leaf^on  part  of  a  field,  the  whole  of  which  had  been  already  ma- 
ntired  in  the  ordinary  way  with  fold-yard  manure.  The  ijifference  of  produce 
would  thus  show  its  efficacy,  in  (he  given  circumstances  |  and  the  experiment 
could  be  made  effectually  at  the  cost  of  a  single  ewt.  of  gypsum. 

I  have  not  included  rrape  ditfii  among  the  trials  above  sug^stedj  though  it  is 
undoubtedly,  imder  certain  modes  of  management,  a  benencial  manure  both,  to 
corn  and  turnip  crops.    There  is  alsft.a  diversity  of  opinion  as  to  the  cause  of 


le  dust  on  the  ai 


.._.  ..    je  of  thegood  qualities  of  this  m  ...,,.  ,         ..„ .  ... 

samplesj-is  not  r/mstaiU  on  the  same  soil,  results  obtained  with  it  cannot  pos- 
sess the  same  importance,  either  theoretical  or  practical,  as  those  which  are  ob- 
served to  follow  from  the  use  of  bones  and  of  saline  substances,  the  composi- 
tion of  which  ia  neatly  invariable. 

Many  formers,  howeverj  are  in  the  hahit  of  constantly,  using  rape  dust.  If 
any  ofthese  could  conveniently  make  experiments  pn  th  e  effect  of  different  sam- 
pled of  the  cake,  from  differentkinds  of  seed,  and  from  different  oil  mills,  .and 
would  accurately  note  the  ^u!ts,  they  would  perform  an  important  service  in 
preparing  rtie  way  for  that  clear  explanation  or  the  cause  of  its  fertilizing  action, 
which  is  at  present  wanted,'  and  which  experiment  alone  can  discover  to  ua, 
.mllrat 


■entquanlilieaofoil  led  in  illij  dilTeredl  ctoshBra.    I  rtoubl^sweier.  I 
Oasidered  u  more  ll»o  a  EBoDaiJ^y  cause  of  its  bK^ftciiJ  ilctltQ)  C)  V  I C 


1°.  Nitrate  of  soda  has  been  applied  with  great  benefit  lo  potatoes  bIbo,  Af- 
ter the  potatoes  have  been  harrowed  down  and  (hand)  hoed,  and  the  plants  are 
four  to  six  inches  above  the  ground,  it.is  applied  by  the  hand  round  the  stem 
of  the  plants,  aiid  the  earth  then  set  up  by  the  plough.  Mr.  Turnbull,  in  Dam- 
baitonshire^  last  year  used  it  in  this  way  at  the  rate  of  li  to  3  cwt,  per  Scotch 
acre,  (1^  EngUsh  acres,)  a^  the  produce  exceeded  that  of  the  land  to  which  no 
nittata  was  aplilied,  by  20  Scotch  bolls  to  the  Scotch  acre, 

2°.  Applied  in  die  same  way  there  is  every  reason  to  believe  that  the  sul- 
phate of  soda  would  have  a  highly  beneficial  effect  also.  I  repeat  my  recom- 
mendalion  that  thia  substance  should  be  &irly  tried  with  every  crop,  because  it 
is  a  product  of  our  own  manufactories,  which  can  be  supplied  in  unlimited 
quantity,  and  without  the  chance  of  any  material  increase  of  cost :  while  the 
nitrate  of  soda  is  already  in  the  hands  of  speculators,  and  within  a  short  period 
has  risen  in  the  market  to  the  extent  of  nearly  one-third  of  its  former  price. 

In  j^asSermg  their  potatoes,  the  Americans  generally-  put  in  a  spoonful  of 
gypsum  with  every  cutting — a  similar  method,  if  preferred,  might  be  adopted 
with  the  nitrate  and  sulphate  of  soda,  though  the  uiance  of  loss  Dy  pei'colalion 
through  the  soil,  would,  by  this  method,  be  in  some  degreeincreased.  In  Plail- 
dere,  wood  ashes  and  rape  dust  are  fraquentiy  thrown  in  by  the  hand,  when  each 
cutting  is  introduced. 

3".  1  shall  have  occasion. hereater  to  recommend  tp  the  attention  of  the  prac- 
tical fermer,  many  waste  materials  of  various  kinds,  thrown  out  from  our  raanu- 
factories,  the  application  of  which  to  useful  purposes  would  be  a  great  national 
benefit.  Iti  reference  to  the  culture  of  potatoes,  I  will  herebrin^  under  your  no- 
tice tiie  chloride  of  calcium,  which  is  said  to  have  been  beneficially  applied  to 
various  crops,  but  to  potatoes  espooially,  with  surprising  effect.  Under  the  in- 
fluence of  this  substance  the  sunflower  and  mmze  have  grown  lo  the  height  of 
14  to  13  feet,  and  potatoes  have  attained  ihe  weightpfSto  31bs.»  In  Germany, 
Sprengel  also  found  it  ussfiil  to  potatoes.— {Ciemie../^''  ZiOJwJioirtAe,  /.  p.  G35.) 


Thouaantls  of  tons  of  chloride  of  calcium  may  every  year  be  prepared  fium  ths 
asle  materials  which  flow  into  the  river  Tyne,  from  the  alkali  works  upr-'  ''- 
inks.    Thousands  of  gallons  of  the  solution  of  this  substance  yearly  ri 


te  materials  which  flow  into  the  river  l^ne,  from  the  alkali  works  upon' 

IS.    Thousands  of  gallons  of  the  solution  of  this  substance  yearly  run 

from  Ihe  works  of  Messrs.  Allan  &  Co.  at  Heworth,  arid  might  be  procured  fo 


at  might  TBadily  be  obtained  for  triaL  When 
prepared  in  the  dry  state,  this  substdncB  rapidly  rfeHyuesceJ  and  runs  into  a  liquid. 
The  moat  convenient  way  or  apply  iog"it,  therefore,  would  be  in  the  state  of  so- 
lution— so  largely  diluted  as  lo  have  only  a  alight  taste — and  by  means  of  a  wa- 
tering eart  so  contrived  tis  lo  allow  itlo  flow  on  the  lopS  of  tiis  ridges  and  young 
pSanla,  by  which  unnecessary  waste  would  be  prevented. 

Without  knowing  the  strength  of  the,  solution  likely  to  ba  obtained  tVora  the 

works,  it  is  impossible  lo  give  any  idea  oftliequantity  of  the  chloride  of  calcium 

which  ought  to  be  employed;  but  500  gallons  per  acre  may  safely  be  used,  it 

the  solution  be  so  far  diluted  as  to  hare  only  a  decided  taste  of  the  substance. 

The  experiments hetesiggested,  therefore, require  four  patches,  as  follows:^ 

j [—— : — -     These  experiments  are  supposed  to  be  made  in  ground 

■    already  prepared  forthepotatoecrop,  by  theuaualquan- 
i   tity  of  manora.    I  think  it  not  unlikely,  however,  that 

.  ,. : —  ^ !,„  planting  the  potaloo  in  the  midat  cf  nitrate  or  sul- 

lofido  nf  pliate  (sprinkled  over  irith  dry  soil)  Bt  the  rale  of  i  cwt. 

slum,  HIQ  Manntfl  per  acre,  and  afterwards  applying  1  ewl.  per  acre,  when 
i.pracre.  only.  thepianls  are  hoed,  a  crop  might  be  oblained  without 
— — — . ihe  use  of  manure.    Of  course,  such  an  e?:periment  as 

TtieBoftim,  a  French  varielr  of  poto toe  lately  inlrod"K(l  info  the  United  States— by  the 
narj  mode  of  cullnre.-yj'ielaB  luhers,  vary  mmj  of  which  weigh  J  Ibi  apd  nf  in  jf  altftln  id 


No.  I.] 

this,  though  important  to  be  made,  aliouid  ba  tried  cautiously,  and  on  such  a 
BCsJe  oa  to  aecure  the  experimenter  from  any  serious  losa. 

In  the  above  suggestions  I  have  introduced  nothing  in  regard  to  laixed  ma- 
onies — tJiough  where  plants  I'equire  for  the  supply  of  all  their  wants  nine  or 
teti  different  ingredienli,  of  which  the  soil  thpy  grow  in  can  perhaps  yield  in 
sufficient  quantity  only  three  or  foui:,  it  ia  obvious  that  tha  "cry  ""^'^  conse- 
qvences  may  Ibllow  from  .the  "empioynient  of  mixed  manures.  To  this  class 
belongr  common  night-soil,  urine, aiumalised  carbi)n,  pmidielle  (night-soil  mixed 
with.hme  and  gypsum),  the  f&adTe  vegdaiif  (a  mixture  of  soot  and  saltpetre), 
the  wate  (now  njnnufaolured  Jij  London),  and  many  others. 

The  mode  of  preparing,  and  the  specif  uses  of,  these  aiid  other  mixed  ma 
>lures,^viU  be  explained  m  the  third  part  of  these  led uces,.  which  will  be  devoted 
to  the  consideT^tion  of  ths  nature  and  uses,  and  to  the  ineory  of  the  action  of 
natural  and  arlificial  feniliiaera.  In  the  mean  Ume  it  is  desirable,  in  the  first 
place,  to  obtain  results  from  which  the  special  action  of  each,.when  used  o/ime, 
can  be  feirly  deduced. 

<  That  these  ex[ierim«its  may  have  th^r  full  value,  it  is  indispensable  that  a 
measured  portion  of  each  field  should  be  left  without  manure  or  dressing  of  any 
kind,  in  order  that  a  true  idea  may  be  formed  of.  the  exact  effect  of  each  sub- 
stance employed.  Experiments  are  valuable  to  the  practical  man  if  they  mere- 
ly show  the  superiority  of.one  species  of  manure  over  another,  but  they  are  in- 
aljfficientto  show  how  much  each  of  them  tenda  to  increase  the  produce — or  to 
citable  i^  to  t^tive  ai.  a  satisf^t^iiry  explanation  of  the  mode  in  which  they 
aeverally  act  in  promoting  Jfegettftion. 

'  .A-inong  other  important  experiments  lately  published,  to  whicli  the  above  ob- 
servation is  applicabjs,  may  be  laenUoned,  those  of  Mr.  T.  Waite  of  Doncnster. 
The  effectaofnitrateofsodaotihia  land  were  very  striking,  showing  a  remarkable 
increase  of  produce  over  bone  doat,  rapo-dnat,  or  rotten  fold-yard  manure — but 
he  does  not  s«em  .to  have  determined  the  produce  of  the  same  land  during  the 
same  season  and  yyiOuml  isamite.'  We  have,  therefore,  no  term  of  comparison, 
by  means  of  which  we  can  ascertain  the  absolute  or  even  ihe  exact  comparative 
e^ect  of  the  different  substances  employed. 

It  has  been  well  observed  by  Sir  Humphry  Davy,  "tJiat  nothing  is  more 
wanting  in  agriculturR  than  expaimenta  in  which  oil  Ihe  sircamslaflu^s  are  mi- 
nutely and  scientifically  detailed,  and  that  this  art  will  advance  in  pronorlion  aa 
■  '  ■     "13  methods."*    The  above  suggestions  ftre  submitted  to 

306  that  tliey  may  assist  in  ii       '     ' 
al  operatioils,  and  at  the  salt 
col  advancement  of  the  most  important  art  of  life. 

Exact  methods  lead  to  theoretjcal  discoveries,  while  these  are  no  less  certain- 
ly followed  by  important  practical  improvements. 


No.  II. 

(^ei^rfiw«2/.,j',37,) 

Is  illustration  of  the  effect  of  sudden  alternations  of  temperature  on  vegetable 
substances,  explained  in  a  note  subjoined  to  page  37,  I  quote  with  pleasure  the 

tte  weight  of  6lbs.,  When  pcrfecrly  ripe,  It  Issaid  lo  bean  BieellenttatlepolatDe,  and  to  *• 
beat  in  the  aiirlne.— Ai6n«i(  OuiUvatir,  for  Marth,  1811. 
"  Agricultural  ChcmUtry,  Lecture  J.  (^!j(  )^)0  \t^ 


[Appetdix, 

following  inBtructJTe  letter  from  an  ably  conducted  monthly  journal  published 
at  Albany  in  the  State  of  Mew-York,  under  the  title  of  the  (hUlivaUii:  It  ia 
eKlraoted  from  the  Number  for  March  last : — 

"  In  regard  to  Irish  potatoes,  a  slill  thinner  oosering  of  earth  than  the  ona 
just  mentioned  suffices  with  us  to  preserve  Ihaii)  from  rotting.  Iiideed,  it  would 
seem  as  if  they  could  freeze  and  thaw  several  timea,  during  winter,  without 
beinc  destroyed,  provided  they  are  covered  with  earth  all  theumeifor  we  often 
find  them  near  the  surface  and  perfectly  sound,  in  the  spring,  when  spading  up 
the  gi^ound  in  which  the  crop  had  grown  during  the  previous  seaeon.  .  There 
they  must  hare  under^ne  freezing  and  (hawina;  whenever  the  earth  was  in 
either  state,  as  it  often  is  to  a  much  greater  depth  than  the  potatoe  roots  ever 
extend.  Why  should  those  roots  always  be  destroyed  when  they  freeze  aJaiiB 
grtmnd,  and  not  suffer  equally  when  frozen  wider  ground  ? 

"  The  reason  why  potatoes,  apples,  See.  become  soft,  and  rot  when  frozen 
and  then  thawed  sudd!enly,  uncovered  and  in  open  air,  is  the  sudden  thawing. 
You  may  put  a  heap  of  apples  on  the  Boor  o^a  room^  or  other  dry  place,  where 
they  will  freeze  perfectly  hard,  and  if  covered  close  with  any  thing  that  will  es- 
clude  the  air,  when  the  Wisather  becomes  w^nn  enough  to  thaw,  the  ^p'ea  will 
remain  sound  and  uninjured,  after  they  are  thus  closely  thawed.  The  cover 
may  be  of  the  coarse  tow  of  fiax,  or  any  article  that  will  cover  them  close  and 
exclude  the  air.  So  apples  may  be  packed  in  a  tight  barrel,  if  fiill  and  headed 
up  so  as  to  exclude  ^e  air.  They  may  be  suffered  to  rematn  so  in  a  garret,  or 
any  dry  place  where  itfteezes  bard,  and  they  will  be  found  sound  and  free  fVotn 
injury,  rf  the  bairel  remains  tight  till  they  are  thsrongUy  IhaioeiL  It  is  the  sud- 
den inawing  that  causes  the  apples  or  other  vegelables  to  become  soft  and  rot. 

"  So  if  the  fingers  on  your  hand  be  ftozen,  and  youexpose  them  to  sudden 
heat  by  wanning  them  at  the  fire  and  they  suddenly  (haw,  the  flesh  will  morti- 
fy and  elough  off.  But,  if  you  freeES  your  fingers  or  other  limbs,  and  put  them 
in  snow,  andrubgentiy  fill  they  thaw, — orifput  into  a  pail  of  water  just  drawn 
from  the  well,  which  will  be  less  cold  than  your  frozen  fengers, — they  will  thaw- 
slowly,  and  suffer  but  little  injury. 

"  So  during  the  early  auttmmtd  frosts  in  September,  if  the  morning  after  the 
frost  is  cloudy,  Ihe  frost  will  be  slowly  drawn  from  the  frozen  vegetSiles,  and 
they  will  bo  uninjured  ;  but  if  they  receive  the  rays  of  the  early  and  dear  aun, 
they  thaw  so  suddenly,  that  they  will  hang  their  heads  and  pensh.  If  wet  with 
water  from  the  Well,  long  ennugh  to  eiwact  the  frost  before  the  sun  shines  on 
tliem,  they  do  not  suffer. 

"  Onions  ore  a  difficult  root  to  keep  in  winter.  If  they  are  put  in  a  cellar 
warm  enough  to  save  them  from  frost,  ihey  will  vegetate  and  be  deteriorated.  I 
put  them  in  the  warehouse,  whore  they  freeze  as  hard  as  if  out  of  doors.  If  in 
a  heap,  1  cover  them  close  with  some  old  clothes,  or  anything  that  covers  close, 
to  exclude  the  air.  T?he  SMneif  in  boxes  or  casks.  They  freeze  hard,  but  it 
does  not  appear  to  injure  them  for  present  use,  if  thawed  by  putting  them  into 
a  pail  of  fresh-drawn  water,  to  draw  out  the  frost  just  before  cooking  them. 
Onions,  thus  Jtepl,  will  be  in  good  condition  in  the  spring,  after  thawing  under 
cover  from  the'  air, 

"  I  put  parsneps,  carrots,  beets,  &c.,  in  boxes  or  casks,  and  then  cover  them 
with  potatoes,  which  preserves  them  from  drying." 

In  fiinher  ifluetration  of  this  subject  I  need  only  recall  to  the  recollection  of 
the  gardener  the  well  known  fact,  that,  when  the  winter  frosts  begin  to  set  in, 
and  his  finest  flowers  to  be  nipped,  those  continue  to  blow  the  longest,  on  which 
the  sun's  rays  fall  latest  in  the  day.  Dahlias  protected  in  this  way,  wilt  bloom 
occasionally  for  weeks,  after  those  whidi  regard  the  eastern  sky  arc  completely 
withered. 

Professor  Ejndley  has  published  a  series  of  valuable  observations  on  the  effects 
Of  extreme  cold  upon  plants.  The  general  results  of  these  observations  are 
•tated  in  his  "T/tearit  of  HorC-knUtire"  p.  83.    But  the  conclL^ons.et  ulhich 
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he  has  arrived  are  deduced  from  the  appearance  pveacnted  by  the  plant  after  il 
was  thavMl.  He  found  ihe  tissue  move  or  less'tac^rated,  the  contenca  of  the  air 
and  sap  vessels  intermingled,  and  ihe  eolounng  matter  and  other  secredons  de- 
composed. He  attpiliutes  the  laceration  to  the  fceezUig  and  consequent  expan- 
sion of  the  juices,  but  this  cannot  be  the  necessary  consequence  of  that  &eezine, 
since  it  does  not  appear,  if  the  whole  tuijer  or.  leaf  be  slowly  thawed.  I  would 
explain  the  phenomena  as  follows; — 

1°.  When  the  leaf  fruit,  or  tuber  freeites,  the  fluid  portions  slighlly  expand 
in  becoming  solid,  but  ^e  air  in  Ihe  aii'  vessels  contracLs  in  at  least  an  eqUEtl  de- 
gree, ^d  thus  allows  a  lateral  eipaneion  of  Uie  sap  teasels  sufRcient  to  prevent 
lesion.  When  the  tempeiature  is  slighdy  raised,  tile  air  expands  but  slightJy, 
and  icfi  is  melted  long  before  the  ^deous  subslanees  reaclTlheir  oH^ inal  Dulk. 

3°~  But  if  the  raya  of  tliesun  sVikcaaddenlvupbn  theleaf  ortriiit,  the  sur- 
face may  at  once  be  raised  in  temperatuee  Sll^or^Oo  P.  The  air  will  conae- 
qu en lly  expand  suddenly,  and  before  the  sap  is  ihawad  may  have  distended  and 
torn  the  vessels,  and  caused  sap  and  ajv  to  na  mutually  intermUigled. 

3".  But  the  moment  the  sun's  rays  slriko  upon  the  green  leaf,  its  chemical 
functions  commence.  It  begins  to  absorb  and  decompose  carbonic  acid:  t^d 
as  in  the  ft'ozen  part  of  the  leaf  the  circulation  is  n^t,  and  in  consequence  of  the 
lesion  cannot  be,  established,  llie  chemical  aMion  of  llie  aun's  rays  must  be  ex- 
pended upon  the  stagnant  sap;  and'hence  those  changes  not  Only  in  the  sap 
Itself,  but  even  in  the  solid  parts,  which  are  seen  to  take  place  in  tlie  withered 
leaf 

4°.  Though  not  in  a  stale  of  growdi,  the  tuber  of  the  polatoe  contains  the 
livins;  principle,  and  there  must  be  auch.a  circulation  going  on  in  its  interior  as 
to  maintain  an  approximate  equilibrium  of  temperature  tfn-oughoul  its  aub- 
stancB.  A  sudden  thawing  of  the  ^terior,  will,  as  in  the  leaf,  expand  the  air 
before  the  circulation  can  be  established  throhghou^  the  frozen  mass.  The  solid, 
fluid,  and  aeriform  substances  which  natiira  has  separated  and  set  apart  Irom 
each  other,  will  thus  all  be  inlefmingled,  and  from  their  mutual  action,  those 
chemical  changes  of  which  we  know  tlie  starch  of  the  potaloe  to  be  susceptible, 
will  speedily  ensue ; — in  other  words,  the  potatoe  will  rot. 

Tlje  praotieal  applications  of  these  views  are  numerous.  If  a  sudden  trosl 
nnme  la,  — nroifiet,  youf  dtUcatc  flowBTB  in  tile  early  morning  from  the  rays  of 
— J  :.u  ,. — -  — -arili  (he  potatoes  whidi  have 


approaching 


'ght  in  the  field. 


(See  Appaidix,  No.  1.,  and  tisdwres  VIII,  and  IX.) 

In  a  previous  article  inserted  in  this  Appendix,  and  which  was  published 
arly  in  the  present  spring  (A  pril,  1841,)  I  ventured  to  offer  to  the  practical  ag- 
ii'uHuvist  aotne  suggestions  in  regard  lo  (he  esyerimeiikd  use  ot^  certain  un- 
fiixed  manures.  From  the  [■esultsofdiese  experiments,  which  I  was  quite  sure 
ome  of  the  many  zealous  agriculturists  of  the  day  would  be  induced  to  under- 
alie  after  the  Manner,  and  with  the  pceosutiona,  Iliad  pointed  out,  I  anticipated 

,t;>H,3ic 
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B  twivfold  advantage.  In  the  first  place,  that  important  practical  benf  fits  ti 
the  agriculture  of  certain  districts  would  be  derived  from  them,  and  secondly 
Chat  interesting  and  important  light  would  be  thrown  by  them  on  many  part 
of  agricultural  theory.  It  is  by  experiment  that  all  the  remarkabie  results- 
theoretical  as  well.  BS  practical-^pf  modem  chemistry  have  been  ariiveri  at 
but  hy  experiments  cautiohsly  mBde,froquen(iy  ^pealed,  and  loMcally  re 
edfrom.    The  proceedings  of  the  pi-actioal  fanner  BI ' —    — 


3 


J .,._. Q  eiperimenlal  philosopher,  and  to 

lead  him  to  philosophieiil  results,  it  is  necessary  only  thai  hfc  experimeiitt 
should  bo  made  leith  a  constant  r^trenie  te  iceiglit  a/ad  jneafuri,  and  should  bt 
repeated  under  varied  and  carefully  noted  condition's — and  that  he  should  bf^ 
taiight  to  draw  from  them  no  conclusions  more  general  than  they  really 
justify. 

The  following  results  of  .experiments  made  during  the  past  summer  confirm 
all  my  anticipations,  Though  necessarily  aomewlial  limited,  and  local  iri  their 
nature,  tiiey,  nevertheless,  present  on  the  whole  a  beautiful  illustiation  of  what 
we  have  yet  to  eipeet  ilum  a  continuation  of  such  experimental  researches,  con- 
dticted  in  so  skilful  a  manner.  I  need  not. especially  commend  the  experiments 
of  Mr.  Fleming  :  foe  I  dan  scarcely,  1  thinlt,  render  a  better  service  to  practical 
agriculture  than  by  placing  all  of  them  in  the  hands  of  practical  men,  and  ear- 
nesdy  commending  them  to  their  careful  conHideralLon  and  imitation. 

I.  Experiments  made  near  Aske  Hsdl,  on  the  property  of  the  Earl  of  Zct- 


lots  of  half  di 


1.  So0i,—jnd  en  May  24—10  buslteh  cost  fo.  M. 
Weight  of  grass  whan  mown,  3  tons  16  cwt. 
Weight  when  made  into  hay,  1    "     55    '■- 

1 

II 

|-00<?0'l 

Pt 

SSJg^^S 

3.  S«lh-pal  mi  May  34— 3  Imsheh  cesl  Gs.  6d. 
Weight  of  graas  when  mown,  3  tons  19  cwt 
Weight  when  made  into  hay,  1    "    16    "- 

Jl 

J!!Z:: 

3.  No  .Ifcmire. 

Weight  of  grass  when  mown,  3  tons  13  cwt. 

Weight  when  made  into  hay,  1     "      6    " 

IS 

i^...^^^ 

Weight  of  grass  when  mown,  4  tons  tO  owt 
Weight  when  made  into  hay,  1     "    13   " 

J 

mi^\ 

It 

^822S 1 

5.  ^SiOphateofSoda  (in  C!vstdls)—pvt  en  May 

.     .       34-4  sloMS  COM  ids. 
Weight  of  gn^ss  when  mown,  3  tons  3  cwl. 
Weight  when  made  into  hay^  1    "    fl  ■  " 

Common  Salt  . 
Soot    .... 
Nitrate  of  Soda 
Sulphate  of  Soda 
Sulphuric  Acid 
No  Manure.    . 

S.  Siilj^Jiric  Add—ipiU  m  May  96,  i  put  mt 

Jane  %  i  put  m  Jime  1 1— 15»!.  cost  5s. 
Weight  of  grass  when  motm,  3  tons  4  cwl. 
Weight  when  made  into  hay,  1    "    6    " 

ot  include  the  expense  ofiayiiig  itor 


Mr.  Turner,  his  Iprdship'a  agenl,  llius  writes : — 

"  Tha  plan- 1  followed  in  pultirg  on  Ihe  different  mamires,  and  ilie  quantities 
used,  accorded  as  nearly  as  1  could  manage  it,  with  the  directions  given  in  your 
published  lectures. 

"  The  lield  on  which  the  experiments  were  tried  is  situate  in.  a  high,  bleab 
climate,  and  consists  of  a  thin  light  soil,  upon  a  bad  Gubsoil  of  barren  clay 
resting  upon  Umeslone.  It  had  teen  completely  exhausted  by  fi  succession  of 
wliite  crops,  and  Was  full  of  weeds  and  quickens..  I  had  it  well  ploughed,  and 
loolt  a  crop  of  drilled  turnips  fiiirly,  but  not  extravagantly,  manured.  The  crop 
was  a  poor  one.  J  ploughed  the  land  as  soon  as  (he  turnips  could  be  got  off. 
Drained  it ;  and  in  the  spring  worked  it  very  fine.  The  following  August  I 
sowed  ilaway  with  ^BSstwds  without  a  crop.  The  seeds  come  upbeautiful- 
ly,  and  were  the  admiration  of  all  who  saw  diem,  keeping  a  deep  green  through 
llio  winter,  and  beginning  to  grow  eariy  in  the  spring |  audit  was  on  this  crop 
that  the  experiment  was  tried  early  in  the  succeeding  summer. 

"  I  need  scarcely  remark,  that  the  crop  of  grass  for  such  land  was  enormous, 
and  has  fully  repaid  the  money  expended  upon  it,  with  the  exception  of  drain- 
ing-, and  in  two  or  three  years  I  have  no  doubt  but  it  wDI  repay  this  also." 

Remaehs. — On  comparing  the  effect  of  these  several  top-dressings  as  indi- 
cated by  the  results  above  stated,  the  reader  _wil!  be  struck  with  (he  exliaordi- 
pary  increase  caused  by  the  addition  of  coinmon  salt  I  have  in  the  text 
(Lecture  iX.,  p.  190,)  indicated  a  principle  which  may  serve  to  explain  in  Son^e 
measiife  both  Ihe  localities  in  which  the  use.  of  common  salt  may  be  expected 
to  be  beneficial,  and  the  reason  why  in  many  parts  of  our  islaiid  the  employ- 
ment of  this  substance  has  not  been  attended  by  any  large  measure  of  success. 
T'he  position  of  the  land  experimented  upon  by  Mr.  Turner,  is  such  as  to  lead 
us  to  expect  it  to  be  improved  by  common  salt,  according  to  the  views  there 

The  nitrate  of  soda  produced  less  eff'eet  than  either  the  common  salt  or  the 
soot,  but  itgavB  an  inciease  which  was  double  of  that  yielded  by  the  Sulphate 
of  soda;  The  latter  salt,  however,  was  appUed.in  tha  slate  of  i3ryBtals,  which 
contain  53  per  cent  of  water,  so  that  less  tiian.  one  half  of  that  weight  of  dry 
salt  was  used,  which  wSs  recommended  in  the  suggestions- 1  offered  for  the 
employment  of  this  substance  in  prBi;ticBLsigriculture,    At  the  same  time,  the 

E rice  paid  by  Mr.  Turner  fbr  this  salt  was  fotir  timel  as  great  as  it  ought  to 
ave  been.  Any  quantity,  of  the  df-v  sulphate  Of  soda  may  be  procured  Bt  10a. 
a  swl.,  at  which  price  it  is  forwarded  in  cadis  to  all  parts  of  the  country  by 
Messrs.  Allan  &  Co.,  Heworth  AUtali  Works,  Newcasile. 

The  most  valuable  piacdcal  suggestion  to  be  derived  from  these  experiments 
is  certainly  this—that  a  liberal  use  of  comiiion  salt  is  likely  to  increase  in  a  great 
degree  the  produce  of  grass  in  the  locality  where  they  were  made,  and  on  Ihe 
samekindof  soil.  This  TOlyable  discovery  will  fer  more  than  repay  the  ex- 
pense and  trouble  of  the  entire  aeries  of  experimenls.  Ko  application  can  fee 
so  cheap  as  this,  M /imp- (Mii  succeeds.  Althe  same  time  amixture  of  the  other 
aubslances— the  niWote  and  the  sulphate,  which  were  partially  successful— might 
possibly  prove  still  more  efficacious  on  the  grass,  and  might  be  expected  even 
to  ameliorate  the  condition  of  the  land  for  tiie  further  production  of  yhita  orma. 
In  alutufepart  of  this  Appendix  I  intend  to  ofifer  some  auggeauons  iri  rf^ardto 
the  l-itid  and  QaantUii  oY  the  ingredients  whicli  may,  with  probable  advantage, 
enter  into  the  coiiatilution  of  these  mixed  mimures. 

I  have  calcnla'ted  and '  introduced  into  Mr.  Turner's  table  an  additional  col- 
umn, exhibiting-the  weight  of  ha^  yielded  by  100  lbs.  of  gross,  with  (he  view 
of  shpwing  the  relative  succulence  of  the  several  crops  when  cut.  As  a  gen- 
eral rule,  the  weight  6f  dry  hay  does  not  exceed,  one-fourth  of  ihe  weight  pf  the 
grass  when  cut.  In  the  expenmente  of  Mr.  Turaer,  however,  the  weight  of 
hay  in  every  cose  was  much  beyond  this  quantity^ — Ihe  most  succulent  erop, 
lliat  toViiqhno  dressing  was  applied,  yielding  3(i  per  cent,  of  hay..  This  ebb- 
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eral  result  may  have  beSn  pnrtly  due  to  the  slate  of  vipeneaa  in  which  all  tha 
grasses  were  cut,  while  tlie  greater  pi'oduca  of  hay  fiom  ihe  draaaBd  pdi-tions 
may  indicate  tlisrelalive  ripeness,  and  therefore  dryness,  of  each  when- cu I  down. 
It  is  evident,  therefore,  that  iJie  relati ire  values  of  crops  of  grass  or  clover  are 
not  to  be  judged  of  by  Ihe  several  weighla  when  green,  but  by  the  weights  of 
the  dry  hay.  This  is  fiirther  conSmiad  by  the  tesulia  of  an  eiperiment  with 
nitrate  of  soda,  communicated  to  me  by  Mr.  Catvulhers,  of  Warmonbie,  nenf 
Annan,  in  which  the  relative  weighla  ofha^  obtained  were  rauiA  mare  in  favour 
of  the  use  of  the  nitrate  than  the  several  weights  of  grass  yielded  by  the  dressed 
andandrosHed  portions  of  the  field.  On  the  contrary,  from  a  field  on  Oliver 
Farm,  near  Richmond,  Mr.Sivera  informs  me,  that  tha  weight  of  hay  was  mitcA 
tell  in  favimr'-  of  the  use  of  the  nitrate  of  soda  than  the  relative  weights  of 
grass-  In  all  eases,  therefofCj  the  weight-  of  the  dry  crops  obtained  by  different 
'methods  should  be  compared  with  each  other,  as  the  safest  test  of  the  relative 
merits  of  the  seveial  modes  of  procedure  by  whicH  they  have  respectively  beeti 

JI.  Experiments  miide  at  Erskine,  on  theproperty  ofLord  Blanlyre. 

I  insert  the  cieac  and  well-digested  alatement  of  his  Lordship's  agent  without 
alteration :  — 

"  Fi-eelaw!,  Erskiiie,  6y  Old  Kilpalrick,  GlasgoV),  ^lAJvMj,  1841. 

"Sir — ^Agreeably  to  Lord  Biantyre's  inalrnEtlonsIsend  you  a  copy  of  the  re- 
sults of  some  eiperimenls  v/iti  manures  on  young  grass  for  hav,  undertaken 
on  two  separate  pieces  oflarid-^lhe  one  a  very  good  light  soil  (aulraoil  gravel}; 
the  olhar^tiff  clay  soil  "widi  a  ciSy  subsoil.  The  manures  were  applied  on  Ist 
May,  the  hay  cut  on  the  Isl  and  weighed  on  the  19th  July  current;  the  extent 
"  ach'plot  one-twentieth  of  an  imperial  acre.  Piomthesmallextent'of  each  plot 


it  will  be  evident  UiaC  the  results  cannot  he  eioct^  depeni^d  on,  farther  than 

a™ieral  result;  because  in  so  small  a  pordon  of  land  the  least  variation  in  me 

sou  or  crop  naturally  will  affect  the  results  very  materially ;  still,  oh  the  whole. 


,.       iD  that  the  eKpwiment  gives  the  compaiudve  view  of  the  value  of 
the: different  manures  used  pretty  nearly. 

"One  thing  has  astonished  us  with  regard  tosoda  (nitrate).  On  all  the  fields 
I  have  observed  it  sown  on,  the  pan  dressed  has  a  much  grMiler  vigour  of  after- 
math than  where.no  nitrate^of  soda  was  given:  showing  that  this  manure  is  not 
BO  evanescent  as  was  generally  supposed, 

"I  am,  Sir,  your  most  obedient  seriianl, 

"  Jab.  Wilson." 
Expeiimevis  wilJi  Ilta''mres  as  a  lop-dressing  for  Say,  at  Eri/Cim,  1841 . 

Remarks. — It  will  be  observed  in  diese  experiments,  tliat  tlie  saltpetre  and 
nitrate  of  soda  produced  jteiirly  an  equal  increase  on  bom  kinds  of  soil,  the  ni- 
tfate  of  eoda  having  the. greater  effect  on, the  light,  the  nitrate  of  potash  on  the 
heavy  soil.  Next  to  these  on  the  lightsbi!  Bra  the  common  salt  anil  sulphate  of 
soda,  though  on  the  heitVy  soil  the  cbmmon  salt  had  the  better  eflfecl  of  the  two. 
It  is  to  beoWserved,howeverj[hat  intliis  case  the  sulphate  was  used  iniiryalals. 
and  therefore  only  in  half  the  quantity  recommended.  Had  twice  the  quantity 
been  employed  upon  theliglit  soil  the  produce  might  have  equalled  thatfromthe 
nitrates. 

It  is  a  singular  illustration,  JioWever,  of  the  necessity  of  ^plying  diiFereiit 
substances  to  different  soils — that  so  far  as  this  experiment  is  to  be  depended 
upon,  the  sdlphate  of  soda  almost  entirely  failed  on  the  heavy  land. 

The  most  valuable  practical  deduction  from  these  experiments  also,  is,  that 
on  both  Ihe  soils  inquestiiin,  the  grass  land,  imiWjTesnrfciw^'ii'ntt,  may  be  salted 
to  advantage.  At  the  same  time,  it  appears  probable  that  on  the  light  soil  ihc 
inCTeased  produce  would  amply  repay  the  cost  of  applying  either  nitrate  or  sul- 

culent  tliese  grasses  were  than  those  of  Mr.  Tiir<i«r!  ,  t^  i(  K  )>-'  K' 


No.  Ill] 
phate  of 


i  T0P-DBEB3WQ  P 


soda  at  the  ra 


fl  lbs.  per  acre — the  latter  being  ir 


The  eifecl,  generally,  of  all  the  diesfungs  is  Btrikingly  greater  dn  the  light 
BOil — a  feet  wiich  Epeaks  strongly  in  iavoul'  of  the  adoption  of  any  of  those 
methods  hy  which  the  openness  and  friability  of  die  land  has,  been  found  to  bo 
permanently  promoted.  On  the  aiiff  aoii,  even  the  ammonia,  by  some  deemed 
so  vitally  necessavy  to  vegetation,  appears  to  have  produced  no  sensible  alter- 
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Manures  used,  anrt  quanllUes  applied,  to 

ti 

u 

Ttjul  produce 

Total  addUionsl 
weight  per     1 

IA,ije, 

dAore.| 

1 

Exp.  I  aood  light  soil,  s^ibsail  gravel. 
I  lb.  sulphuric  add,  diluted  in  47  i 
galls,  water          .         .         .      ( 
6-lbs.  saltpetre  (nitrate  of  potash) 

271 

44 

la,  owl, 
3    H 

qrs.  lbs. 
1  16 

la.  owl 
-    7 

qr,.H«. 
3  13 

3 

333 

flS 

3  17 

3    f) 

-1fi 

3  34 

eibs.  nitrate  of  soda  . 

rcK 

3    0 

•>.    4 

1     0 

0    0 

4 

6  lbs.  sulphate  of  soda  (in  crystals) 

MH'^ 

3  13 

II  Ifi 

-  11 

3  13 

it 

•r 

T    l-J. 

-    4 

t> 

Ibush.  wood  charcoal  (pounded) 

in: 

IVI 

3    9 

I  34 

-    K 

:j3o 

7 

i  bush,  common  sell,  3lj  galls,  water 

W-l 

3  13 

9 

No  application  .... 
'B^>.  11.  Clay  soil,  wiisoa  datj. 

a77 

S37 

50 

3    9 
3    0 

1  34 
3    4 

-    8 

' 

I  lb.  sulphuric  aci4,  diluted  in  47  > 
a  Iba.  saltpetre  (niliate  of  potaiih) 

256 

■26 

3    5 

334 

-    4 

3  16 

3 

3fifi 

5fi 

3  11 

0    fl 

-  10 

0    0 

W 

5'. 

1  JO 

1   1'^ 

-    9 

1    4 

4 

6  lbs.  sulphate  of  soda  (in  crystals) 

i 

9.    1 

1  Vl> 

-    0 

1  13 

M 

-    1 

3    4 

.ti 

1  bush,  wood'charooal  (pounded) 

SS- 

31 

2    5 

■A  Hi 

~    4 

3    8 

i  bush,  common  salt,  35  galls,  water 

m 

Hi. 

3    8 

II    4 

-    6 

3  34 

9 

No  applicoilion  .... 

am 
330 

1  15 
3    1 

a  IB 

0    8 

z  z 

z  z 

Veighed  19th  July, 


it  May,  the  Gra 


St  July,  and  the  Hay 


III.  Experiments  made  under  the  immediate  sapevinlendence  of  W.  Fleming, 
Esq.,  of  Hprochan,  near  Paisley,  and  on  his.  own  property.    The  alalement  la 
drawn  np  by  Mr.  Fleming  hinisel£ 
l.-^ExpetimentsonHaf/tBith  Nitrate  and  Sidphale  ef  Soda  and  wUh^Oypsum, 


No, 

■     Field, 

Dewrlpllon  of 
Dfes>L„e. 

Rareper 

Zt%^l 

.h^^t^d 

Covetilea 

_, 

33G1  lbs. 

1130  Ifas. 

Do. 

Sulphate  of  Soda. 

40  lbs. 

3966" 

10  lbs. 

3831  '■■ 

brook's  Higl 

Nothing. 
Nitrate  of  Soda. 

4436." 

1478  " 

40  lbs. 

4999  " 

166ti  " 

:;rook's  Low 

Nitrate  of  Soda. 

3185  " 

738  " 

Do. 

401b3. 

3764  " 

Gyp^utn. 

80  lbs. 

3110  :'. 

1036  " 

AkH,3lc 


[Appendix, 

Oiaracier  af  the  Sail— I^os.  1 ,  2,  3,  and  4  were  good  sharp  .Boil,  oa.reUcn 
took,  (decayed  tiup,)  all  as  near  as  possible  the  same  description  of  laud, 
draineii,  and  lying  together.  Noa.  1  and  3,  Crook's  High,  stiff  clay,  drained; 
tiie  hay  was  after  wheat.  Nos.  1,  3,  and  3,  Crook's  Low,  light  iJay-loam, 
drained ;  the  hay  was  after  barley. 

On  Corenlea  the  dcesalngB  Wei's  applied  on  the  SSnd'of  April,  and  the  hay  citt 
on  theSnd  of  July  ;  on  the  other  fields  the  nitrate  and  gypsum  were  applied  on 
Ihe  12th  of  April,  and  the  hay  oul  on  the  9lh  of  July. 

N.  B.  The  above  is  the  aTerage  of  trials  in  three  parts  of  the  Covenlea  field ; 
a  smalt  portion,  of  niosa  was  also  sown  with  nitrate  of  soda,  in  the  tow  pait  of 
the  same  field,  but  no  benefit  was  observable,  beyond  llie  usual  dark  green 
colour  Tvhioh  appeared  about  ten  days  after  the  appUttation.  The  sulphate  of 
soda,  although  evidently  beneficial,  does  tlot  produce  the  darit green  colour.  In 
the  Crook's  fields  the  eRect  of  nitrate,  of  soda  in  producing  the  darkgt«en  colour 
was  as  remarkable  as  I(i  the  Covenlea  field.  The  gypsum  on  both  neMe  seems 
to  have  had  a  good  effect,  partieulncly  on  the  aftermath  cloyer; 

Rrmarks, — In  these  experimsnta  also  the  suIphcUe  of  soda  was  used  in  only 
half  the  quantity  .recommended.  By  referring  to  the  prices  paid  by  Mr.  Fleming, 
il  will  appear  that  Uie  use .  of  sulphate  of  sodagsTe  an  increase  of  200  lbs.  of 
hay  for.la.  9d.(or  SOOlbs.  for  4s.  5d.)j  while  ihe  nitrate  of  soda  gave  an  increase 
of  516  lbs.  for  7s.  lOd. ;  so  that,  though  iJie  actual  increase  of  hay  per  rood  was 
"  '  sH^hate,  yet  that  increase  was  obtained  al 
e  weight  of  increase  derived  fhini  the  ni- 


large  qtiantity  to  succeeding  crops,  on  the  same  land. 


Dressing. 

1 

Garden  Plot. 



160  Iba. 

1034  IbE. 

3* 

V, 

Do. 

:*itrate  of  Soda- 

■ii 

Do. 

40  " 

27a  " 

1344  " 

4 

Do. 

Sulphate  of  Soda. 

40"    . 

^4  " 

1153  " 

b 

Do. 

Mur.  of  Ammonia 

S  " 

333  " 

1316  " 

4f    1 

Character  ofthe  Soil. — Tilly  clay,  which  had  been  trenched,  and  in  potaloo'i 
the  year  before.    The  Rye  was  sown  on  their  being  lifted  in  October,  1840. 

The  applica^ona  were  made  On  the  14th  of  April,  the  grain  was  cut  on  tlie 
9lh  of  August,  and  thrashed  on  the  35th. 

N.  B.  As  early  as  the  end  of  April  tiie  effects  of  tlie  nitrate  of  soda  were  vei>- 
apparenlfiMm  the  dark  green  colour  produced,  and  broad  leaves,  and  afler  it  was 
ripe  the  heads  were  longer  than  any  of  tlje  others  ;  biitit  was  so  strong  that  it 
vras  laid  a  month  bofora  it  was  out;  none  ofthe  others  were  laid.    Every  ap- 

Elication  seems  to  haye  done  ^od,  byinoreesing  the  produce.  The  potosn  and 
me  was  made  by  slaking  quick-lime  and  sand  with  a  solution  of  potash,  and 
allowing  them  to  lie  together  fbr  a  month.  As  much  was  used  as  contained  1 
lb.  of  carbonate  of  potash  to  the  pole. 

Remarks  .^Froru  these  eiperi.mentB,  it  appears  that,  besides  the  proporUonala 
increase  of  straw,  that  of  gram  was 

From  nitrate  of  soda,         13  bushels  for  3l9.  Orf.,  or  Ss.  Dd.  per  bush.; 
"      lime  and  jjotash,       7        "      for  33s.  6d.,  or  4s.  9d.      " 
"       sulphate  of  soda,       3         »       for    7a.  Od.,  or  8a.  4d.       " 
"      tal-ammoniac,  5        "      for  lOs.  9d.,  or  3a.  M.      " 

1../..  ..CtOOJ^Ic 


Ne.  Ill] 

AUhongh,  therefore,  the  total  increase  by  tha  employment  of  sulpliate  of  soda 
Bud  muriate  of  ammonia,  in  the  proportions  actually  put  on,  was  not  ao  great  ao 
.by  tlie  use  of  the  other  two  dressings,  yet  tliis  increase  was  oblainedat  a  con- 
siderably less  cost  per  bushel.  The  Hme  and  potash,  though  producing  an  itn- 
portBjit  effect,  will  probably  not  yield  a  remunerating  return  with  this  crop  on 
tMiioii,  while  the  results. hold  out  a  fair  inducement  fo(  the  trial  of  thelaeltwo 
dressings  in  larger  and  varied  proportions. 

The  five  samples  weighed  respecWvelyj—iS  Z-5,  51  3-4,  61  4-5,  63  3-5,  and 
48  4-5  lbs.,  pet  bushel,  so  that,  while  on  all  (he  dressed  plots  the  grain  was 
heaTier  thnnon  the  uudrsssed,  ^at  which  was  di:eased  w^th  sulphate  of  soda 
was  cai\siderably  the  heaviest. 

1  Waatfidd,  C^ool^s  (crop,  1341.) 


Descriplion 

Bale  per 

We^«Wof 

Wei^hf 

Weight  of  1^ 
iBl  produr.tr. 

No 

ofTop-dtesiriQg. 

Scotcn  ecre. 

H^S^i. 

^ 

^^^^ 

T 

Nitrate  of  Soda. 

160  lbs. 

309  lbs. 

S3  lbs. 

9,500  lbs. 

3 

Potash 
and  Lime. 

160  lbs.     ) 
40  bush,  i 

„... 

8,930  " 

3 

Common  Salt. 

160  lbs. 

349  " 

12,510  " 

4 

Mur.  Ammonia. 

20  lbs. 

S08" 

(i3" 

8,360  " 

5 

Nitrate  of  Soda 

80  lbs.    ( 

314  " 

8,620  " 

and  Gypsum. 

160  bush.  ( 

6 

Nitrate  of  Soda 
and  Rape-dust. 

80  lbs.    ( 

340  " 

63i" 

11,970  " 

7 

Mur.  Ammonia 
and  Lime. 

30  Ju.' 
40  bush. 

330" 

63  " 

9.500  " 

8 

Common  Sail 
and  Lime. 

28  lbs. 
SO  bush. 

300  " 

63i" 

8,740  " 

9 

"Nothing. 

— 

90  " 

SI  " 

b,OM  " 

Chwader  of  the  Staii.— The  land  w 
dljle  the  same  quahty.  It  had  been  i 
th^  were  lifted  m  October,  1840. 
The  appUcations  were  all  made  or 
p  the  3d  of  " 


the  13(h  of  April,  and  tlie  crop  w 


The  produce  of  ith  of  a  Scotch  acre,  thrashed  and  weighed  and  well  cieaned, 
gave  an  average  offrom  33  to33  bushels  of  61  lbs.  each  per  Scotch  acre  of  grain. 

Rgmshkb. — This  table  presants  us  with  two  remarkable  results, — that  ob- 
tained by  the  use  of  Common  salt,  and  that  from  a  mixture  of  soda  and  rape- 
dust.    Thus,  eiolusive  of  the  straw, — 

Nitrate  of  soda  alone  gave  153  lbs.  of  wheat  for  31s.,  or  iSs.  3d.  per  bushel; 

Nitrate  with  rape-dust  gave  400  lbs.  of  wheat  fbr43a,6d.,  or  6s.  9d.  per  bushel; 

Common  salt  gave  473  lbs.  of  wheat  for  3s.  6d.,  or  6d.  per  bushel. 
.  The  increased  produce,  by  the  use  of  common  salt,  is  By  fcr  the  most  valua- 
ble result  to  Mr.  Fleming  in  an  economical. point  of  view,  and  plainly  indicates 
the  kind  of  appiioatlon  he  can  most  profitably  mi^e — toWs  wheal  crops  at  least — 
on  land  sirailar  to  the  above,  and  in  the  distiict  wherehe  resides. 

Neither  the  nitrate  of  soda  nor  the  mixture  of  this  salt  with  rape-dust,  gave 
such  an  increase  aa  to  repay  their  own  cost,  unless  when  com  is  very  high.  It 
is  interesdng,  however,  \a  observe  that  the  mixture  with  rape-dust  gave  solaiw? 
on  increase,  Ihongh  the  value  of  this  particular  experimentis  lessened  by  the  ah- 
sence  of  any  trial  with  rape^ust  alotie,  by  which  the  effect  of  each  of  the  ingre- 
dienla  ought  to  be  judged  of  I  have  reckoned  the  rape-dust  at  i!7  a  ton,  so  that 
5  cw I,  would  cost  38s,,  and  weknow  thai  a  top-dressingof  this  substance  alone, 
in  a  somewhatlarger  quantity, givesftrernuneradngreturninmany  of  ouryheat 
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Mr.  Oulhwaile,  of  Ban 


n  the  Norih  Riding  of  Yorkshire,  a  skilfal  and 


a  great  breailUi  of  his  wheat  crop,  |ias  favoured  me  with  the  result  of  oi 
more  accurate  trials  on  spring  wheat,  made  during  ihe  past  season.  The  wheat 
was  sown  after  turnips  taken  off  in  April,  and  pan  of  uie  field  Was  dressed  with 
iBpe-dikst  at  the  rate  Of  5i  cwt.  (or  at  £1  a  ton,  of  408.)  per  acre. .  The  produce 
of  the  dusted  portion  was  39  tmahels,  and  of  die  undusted  39  bushels  per  acre, 
and  the  increase  of  straw  was  one-liith  of  the  whole.  Both  samples  were  of 
equal  weight,  andaold  at  the  same  price, — 83.  3d.  par  bushel.  In  this  experi- 
ment the  increased  10  bushels  cost  40s.,  or  4a.  pec  bushel,  giving,  on  a  large 
breadth  of  land,  a  handsome  remuneration. 

These  results  will,  I  trust,  encourage  others  to  make  trials  similar  to  those  of 
Mr.  Fleming  and  Mr.  Outhwaile ;  while  these  gentlemen  will,  doubtless,  be  in- 
duced each  to  try  that  application  Which  has  succeeded  so  well  in  Che  other's 
hands.  It  might  be  useful  as  well  as  interesting  to  compare  the  produce  of  four 
plots  arranged  and  dressed  as  follows : — 


.  Salt. 


Rape-dusL 


Common  Salt 
and.  Rape-dust 


4, — E^uwrimCTrfs  on  Early  Potoioes,  1841. 
re  dunged  in  the  usual  manner  with  farm-yurd  manure,  at  the  r^te  of 


the  3f)lh  of  May,  and  the  potatoss  w 


1 

Top,  dressing. 

peHmp, 

''««''■ 

LSyarilsdriLL 

Nole.—Tbt 
peck  is  35  lbs. 
weight,  and  Ifi 
make   a   boll 
or  5  cwt. 

\ 

Nolhing, 
Nitrate  of  Soda. 
Sulphate  of  Soda, 
Do,&Nilr,ofSoda 

IGO  Ib^. 
300  " 

6B  bolls 
8tt    " 
.73    " 
107    " 

77  lbs. 

86   " 
194  " 

This  bre^  of  ground  consisls  of  a  piece  of  poor  clay  mixed  with  m 
9  inches  deep ;  subsoil  a  very  stifTblue  till.  The  dung  was  old  from  the  farm-yard, 
about  the  ordinary  quantity  (30  cubic  yards  per  acre)  spread  upon  the  land,  and 
dug  in.     The  potatoes  were  drilled  in  with  the  hoe;  as  the  ground  was  wet  the 

Slants  came  up  but  weak,  The  nitrate  of  soda  was  sown  before  the  other  lop- 
ressings,  and  had  remarkably  quLqk  effect,  as  it  showed  the  Ihiiil  night  after 
being  sown.  The  sulphate  of  soda  does  not  occasion  the  dark  green  colour 
which  is  seen  upon  the  potatoes  afler  the  dressing  of  the  niu^te,  hut  there  is  not 
ths  amallesl  doubt  of  its  beneficial  elfecta,  although  not  in  so  great  a  degree  as 
the  nitrate.  The  mixture,  which  is  composed  of  Ids  of  sulphate  of  soda  and;  d 
of  nitrate,  has  a  wonderflil  effect  in  atcengthening  the  growth  (which  it  keeps 
longerthan  with  nilrate  alone),  and  the  mixture  has  the  same  effect  in  producing 
the  dai^  green  colour  as  the  nitrate  alone. 

Rbmakks.— That  a  mirlii-re  of  substances  is  likely  to  be  more  efficacious  as  a 
dressing,  than  the  application  of  one  substance  alone,  except  in  peculiar  circum- 
stances, is  consistent  not  only  with  long  practical  experience — for  how  many 
substances  are  mixed  together  in. farm-yard  manure '! — but  also  with  the  (heore- 
lical  principles  laid  down  in  the  text.  [See  Lectures  IX.  andX.j  These  experi- 
ments upon  potatoes  showtiiat  this  crop  upon  Mr,  Fleming's  land  was  benefitted 
by  both  nitrate  and  sulphate  of  soda,  but  in  a  vastiy  greater  degree  by  a  miilure 
of  the  two.  And  I  might  consider  my  suggestion  in  regard  to  the  employment 
of  sulphate  of  soda  as  a  manure,  to  have  been  of  no  mean  use  In  practical  agri- 
culture, had  it  led  lo  nothing  else  than  to  this  happy  mixture  of  Mr.  Fleming, 
I  have  received  also  from  Mr.  Fleming's  gardener  (Mr.  Alexander  Gardiner) 


JVb.  ///.) 

a  very  well  digested  and  well  dra^vn  up  paper,  detailing  numeroua  eiperimenta 
made  by  himself  during  the  past  summer.  Among  these  is  one  upon  the  uao  of 
thi!(  same  mixluie  upon  thepotatoe  crop,  which  I  shall  (|unte  in  his  own  worda: 

."  April  26lli. — Planted  potatoea  of  the  red^Don  variety,  soil  a  mellow  loam, 
two  feet  deep,  subsoil  yellow  ^U,  FarM-yard  dung  was  trenched  in  sonje  days 
before  planting,  at  ihe  rale  of  40  cubic  yards  per  acre  ;  sets  diilled  in  with  the 
lioa.  Plants  came  up  very  regulac,  and  were  top-dreaaed  with  a  mixluve  of  | 
sulphate  and  J  nitrate  of  soda  on  June  2nd,  et  the  rate  of  Scwt.  per  acre.  They 
grew  very  strong  after  this  application.  S/ems  sia  or  iHven  /eel  in  length,  dark 
green,  and  the  pioduoe,  wlicnUftedinOclpbBr,  waaieRenitewaliirepeokBof  35 
lbs.  each  per  Seolch  fall  of  potBloea  fit  for  market" 

This  produce  is  equal,  1  believe,  to  abo(it26  tons  per  Scotch,  or  31  tons  per 
imperial  acre,  aliout  equal  to  that  of  Mr.  Fleming  with  the  same  mixture.  And 
what  an  amazing  luxuriance  of  vegetation,  Co  yield  at  once  stems  seven  feet  in 
length  and  upwards  af  30  tons  of  tnbetsper  acre  ! 

Thosfl  who  are  the  most  sceptical  in  regard  to  the  benefita  to  be  derived  from 
agricultural  experiments,  when  well  conducted,  will  scarcely  question  the  impor- 
tance of  this  result — ^e  most  backward  in  raakiog  experiments  will  be  .anxious 
to  repeat  this  upon  his  own.  potatoes.  The  cost  of  the  mixture  to  be  applied  in 
the  quantity  used  by  Mr.  Plemiiig  is'as  follows  :-^ 

o,.i  1.  1=  „r  a„j       i    '5  Iba.  dry  at  10s.  per  cwl.  or  j     ^      „ 
Sulphate  of  Soda   J  ijrf,  jbs.  in  crystals  Vt  5s.    .      M     " 


Nitrate  of  Soda  .  .~  751bs.at2as. 


urn  for  Ibis  Sis.  6d.  was  in  each  of  the  above  cases  upwards  of  8  tons 

lere  raendon  also  two  other  interesting  experiments  of  Mr.  Gardiner, 
■le  tried  the  effect  of  sal-ammoniac  upon  his  potaloe  crop, — 

nixed  aal-ammoniac,  previously  liissolsed  in  water,  in  the 


proportion  of  i  lb.  to  eacli  cubic  yard  of  a  compost  formed  from  the  refuse  of  the 
■    ■        '       '  ■  les  with  it  at  the  rate  of  35  oubicyardsperaor 

?s.llian  when  no  ammonia  was  used.    The  vi 


riety  of  polatoe  was  Taylor's  forty-foM,  the  soil  moss  and  clay.  The  cost  of 
tliis  application  was  19s.  per  acre. 

3°.  Sal-ammoniac,  dissolveii  in  water,  was  sprinkled  on  mosa  or  peat  earth, 
at  the  rate  of  Sp  lbs.  to  a  ton  of  ear^,  and,  after  strewing  a  little  lime  at  the  bot- 
tom of  the  drills,  this  mixture  was  put  in  at  the  rale  ofS  tons  jier  acre.  The_po- 
tatoes  were  14  days  later  in  etrniing  through  the  ground  than  the  same  variety 
plamed  with  fiirm-yard  manure.  They  were  strong  in  the  stem,  ofa  dark  green 
colour,  and  equal,  in  point  of  produce,  to  the  others.  The  variety  of  potatoe 
was  the  Irish  apple,  the  soil  a  very  light  brown  loam,  of  thai  description  locally 
named  deaf. 

I  may  observe  on  this  latter  experiment,  that  the  application  is  not  so  simple 
as  it  appeara.  The  lime  would  decompose  the  sal-ammoniac,  and  form  cilm'tde 
of  cofctwrn,  while  ammonia  would  he  libei'aled.  The  effect,  therefore,  may  be 
parUally  due  to  both.  It  will  be  reeollwted  that  in  a  previous  part  of  this  Ap- 
pendix I  suggested  Ihe  trial  of  this  <dilolide  of  calcium  as  a  top-dressing  for  va- 

5. — E:c:peraneiasimMoss  Oats,  sovm  aboailst  May,  1941,  top-dressed  ^ihJvme. 
"  These  top-dreaaings  weie  applied  on  the  5th  of  June,  and  by  the  24th  there 
was  a  suriking  improvement,  especially  on  No.  3, and  No,  7.  It  was  guile  visi- 
ble in  gieater  strength  and  evenii^ss  of  crop.  One  or  two  of  the  others  also 
showed  improvement,  but  not  so  visibly  as  to  merit  particular  notice.  I  exam- 
ined them  from  time  to  lime,  and  at  different  dates :  the  appearances  much  the 
same  as  noticed  upon  June  34th,    I  agfun  examined  them  a  few  days  before 

GocgTc 
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they  were  cut,  when  I  was  much  satisfied  with  No.  3;  the  straw  appeared  to  mo 
as  stiff  and  shining,  and  the  «ar  as  well  tilled,  as  if  it  had  been  grown  upon  stiiT 
loam,  and  I  amimr  l!ie  same  dressin",  applied  ts  grain  crops  -upon  yiu/ss,  loiU  in- 
sure  a,  good  cop  ofwdi-JUied  oais.  No.  7  was  nearly  as  good,  but  the  want  of  the 
banes  being  dissolved  was  a  drawback.  However,  I  consider  the  two  mei^t 
the  expense,  of  anotlier  trial." 


No. 

Top-drsssLns  per  pole  CmpeiiaL). 

1 

?folhin". 

Bones  dissolved  in  sulphuric  aadandnitrateofsoda  Sib. 

>! 

Sulphate  of  soda  J  lb.,  bone  dust  i  peck. 

■4 

Potash  1  lb.,  lime  and  bone  dust  i  peck. 

fi 

nhloride  of  calcium  1  lb.,  bonas  J  peck. 

Lime,  polfish,  and  chlofide  of  calcium,  t  lb.  each. 

7 

PoUsh  and  lime,  nitrate,  and  banes,  J  lb.  each. 

CiamOei-ofShe  SniJ.— Moss  4  feet  ta  clay.    No.  3  the  best  crop  and  heaviest 

ftain  (not  thrashed).  Nos.  3,  4,  and  5  not  so  good  as  No.  3,  but  all  much 
etter  than  Nos.  1  or  G.  Ho.  6  the  worst — not  better  than  No.  1.  Wo.  7  very 
good— next  to  No.  3. 

Remarks. — Theee  experiments  of  Mr.  Fleming  on  moss  oats  may  be  con- 
sidered as  affording  anotlier- illustration  of  the  benefits  which  are  yet  to  ancrua 
to  practical  agriculture  from  the  suggest!  ona  of  natural  science.  It  is  well  known 
to  those  who  have  dlrecWd  Uitar  attention  to  the  reclaiming  of  peat  lands,  that 
the  (^ps  of  oats  raised  on  such  land  peld  abundance  of  straw,  but  that  the  ear 
JB  small  and  badly  filled.  It  is  also  well  known  that  cto(Jn^  such  lands  is  an  al- 
mast  unfailing  remedy  for  this  deftct  in  the  ear,  as  well  as  for  (he  less  important 
one  which  is  also  observed  in  tlis  straw.  My  friend,  Mr.  Alexander,  of  South 
Bar,  a  nMghbonr  of  Mr.  Fleming,  and,  like  him,  extensively  engaged  in  the  im- 
■  provement  of  peat  lands,  finding,  as  most  other  persons  havSj  that  in  some  io- 
oalides  the  claying  of  his  land  was  very  expensive,*  conceived  the  idea  that 
some,  chemical  application  might  be  made  to  *is  soil,  whfch  would'  supply 
what  the  defective  oat  plants  required,  and  thus  supersede  (he  necessity  Of 


evidently  required  hy  the  ear,  I  Buggealed  a  trial  of  various  mistures,  in  all  of 
which,— troin  an  idea  thai  phosphates,  among  other  substances,  might  be  ne- 
cessary to  camplele  the  ear^-f-sonfMiust  formed  a  necessary  part"  The  result  of 
these  BUffgeBtions  is  seen  iii  the  above  experimentsof  Mr.  Fleming.'  They  have 
been  -varied  and  improved  upon,  as  Mr..  Fleming's  united  chemical  knowledge 
and  practical  skill  enablwl  hiin  to  do,  and  as  ^it  results  on  a  new  field  of  re- 
search, Nos.  3  and  7  mav  be  considered  as  highly  encouragine,  if  not,  indeed, 
eminently  sucoessful.  Too  mudi  confidence,  nowever,  must  not  be  placed  on 
the  effects  observed  in  one  or  two  instances;  yet  I  hope  those  above  slated  sit 
auch,aa  will  induce  others  In  repeat  the  experiments  with  equal  care,  in  order 
that  another  year,  affording  us  more  numerous  results,  may  enable  us  to  base 
our.  conclusions  upon  a  larger  experienced 

6. — E:i^perimeyiis  vipoa  Oats  lop-dressed  witi,  SulpMle  and  Nilraie  of  Soda  {lower 

end  of  Bam  Pjw*.) 

"  The  first  was  sown  on  the  lllh  May,  vis.,  3  ridges  with  sulphate  of  soda, 

at  the  rate  of  li  owt'^er  acre.    This  was  examined  from  time  to  time,  but  there 

unltnown,  I  am  Indetled  ior  mui/ isluable  cabioainlcaliDns,  infnrnis  me' Ihtil,  Id  fiaprnvlng 
litb  pomiia  peat  lanos,  tia  bos  Tound  It  necessary  to  lay  on  a  ^oacing  of  clajr  six  Lnctioa  thLi^, 
nt  an  «jrpari3eof  ^ISanacre.  A  coarlag  of  two' or  three  laches  on  fAeir  poal,  he  sa^a,  slnka 
down,  anrt  lo  a  ftw  jeara  deacaods  bayond  tbe  reach  of  Iha  plough,  mi  banee  itla  mote 
economical  U>  laj' an  at  once  an  entire  soil  of  e!x  inchai.  (    i),-)q\(> 


No.  Ill] 

appeared  to.  be  little,  if  any,  difference  from  the  geneml  crop  (it  liae  not  yet  been 
Ihraehed.)  Next,  3  ridges  were  sown  with  nitrate  of  soda,  at  the  rate  of  80  Iba. 
per  Etcre.  This  made  a  litLte  alteration  both  in  colour  and  strength,  but  it  was 
too  little  (o  make  a  very  decided  difieranca.  Also,  alongside  of  the  last-men' 
tioned,  a  piece  was  dressed  with  a  rnixtaie  of  smphatB  and  nitrate  of  soda,  in  the 

Eroponibn  of  jrds  of  the  former  to  jrdof  the  iBtter.  This  imipediately  took  the 
lad  of  the  odieis  both  in  colour  and' slrengih,  ho  much  so,  that  by  May  37th  it 
could  be  seen  from  a  distance.  Many  examinations  were  made  of  them  all 
during  the  season,  and  this  always  appeared  the  beet.  A  fewdaysbeforeit  was 
cut,  it  showed  the  largest  and  best  filled  ear.  There  was  a  piece  of  yellow-col- 
oured earth  at  the  bottom  of  the  field,  showing  the  presence  of  iron,  upon.whieli 
was  sown  potash  and  lime.  The  plant  was  yellow  and  sickly-looking,  but  im- 
mediately after  the  application  it  acquired  a  daric  green  colour,  and  became  vi- 
gorous, and  yielded  a  crop  at  least  equal  to  any  in  the  field.  ,  There  were  some 
other  diessinga  put  on  other  ridges  of  this-field^  but  it  was  dry  weather  direcdy 
after  they  were  sown,  and  the  crop  was  tdo  far  forward  before  they  began  to  take 
effect  to  say  any.  thing  dedded  about  ^hem^  By  mistaka  there  were  two  varie- 
ties of  oats  sown  upon  Ihs  field,  which  jiievented  the  experiments  being  so  de- 
cided, as  the  dressings  were  put  on  indiscriminately  upon  the  land  beforeit  was 
known." 

Reharhs.— The  only  remark  I  need  make  upon  these  experiments  is,  to  sug- 
gest to  my  readers  that,  by  repeating  the  above  trials  apon  oats  with  Mr.  Flem- 
ing's laixiures,  they  may  not  only  benefit  Uieir  own  crops,  but  mfty  also  aid 
materially  In  the  advancement  of  pracucal  agricultural  knowledge. 

7. — OatkeeffedofSuipkateofSoda  applied  as  a  tap-dressiiig  io  Beans  and  Peas. 
"  The  first  dresaiig  was  applied  the  4th  of  May,  on  aonifc  beans  on  a  border 
in  the  garden ;  the  drills  that  were  dreased  qiiickly  took  the  Jeadof  the  others. 
'J'here  was  no  alteraiion  of  colour,  but  greater  strength,  and  it  tUleredwimder- 
faily.  There  were  fire  or  six  sterna  from  eveiy  seed  sown,  and  the  pods  were 
larger  and  more  numerous,  and  the  beans  in  the  pods  a  great  deal  larger  than 
the  same  variety,  undressed.  It  was  also  pijt  upon  aoma  of  the  ridges  of  the 
beans  in  the  field,  and  with  iha  same  effect,  and  gave  a  very  large  crop  (not  yet 
■    ashed.). 

,  ,T..  .  .  ^ 

better  filled,  and  the  peas  of  a  better  fiavour,-  and  it  seems  a  vaiitdble  dressiag  fir 
all  tefimmwnis  crops.  When  sbwn  in  the  drills  along  with  the  peas,  it  nearly 
killed  every  one  of  them,  while  the  same  cpantily,  pat  on  as  a  lo&JdreHaing  to 
eniiia  diilla.neit  to'them  (where  the  peas  were  two  inches  high,)  did  no  injury, 
Remahhs.— Tha  testimony, of  Mr,  Flemin"  to  the  value  of  sulphate  of  soda 
as  a  dressing  ibi  leguminous  crops,  is  very  Wuable  and  satisfactory.  We  may 
hope  that  next  year  will  furnish  lis  with  experiments,  aS  the  results  of  which 
shallhave  baen  so  carefully  ascertained,  aa  to  anableua  to  decide  upon  the  eco- 
nomical value  of  this  sulphate  as  a  manure,  bya  comparison  of  the  amount  of 
increase  in  the  crop,  with  the  cost  of  the  application. 

8. — On  Mtrate  of  Sola  as  a  Ijrp-dFessing  to  OoBtel>erry,  and  Can-ant  Imskes. 

"  It  was  applied  April  I4th,  at  about  the  rate  of  J  cvM.  per  acre,  or  J  lb.  per 
bush.  Ithadtheeffect^in  thfe  course  ofa  week,  of  producing  on  the  bushes  a 
dark  green  colour  aodbroader  leaves,  and  the  fiiiU  setbettorand  more  plentiful- 
ly, especially  on  some  red  entrants  that  had  borne  little  for  two  years.  These 
set  theirftuit  well,  and  yielded  double  their  formerproduce.  The  dressed  bushes 
kept  the  lead  instrenglh  and  vigour  qll  the  season,  and  now.when  the  undressed 
bushes  hove  lost  their  Jeaves,  the  others  are  quite  green." 

9.^"  Many  experiments  were  tried  in  the  garden  on  turnips,  by  t«p.di«Ssing 
■with  nitrate ,of  sodi,  but  with  no  perceptible  effect.    Hpwever,  the  ^wetlish.  on^ 


:  t-it 


red-top  yellow,  in  a  field  of  rather  stiff  aoll,  were  benefitted,  the  former  yielding 
i  more  produce  in  weight,  and  ihe  latter  i  more  weight.  Wm,  Fleming. 

"Barodutn,  36/A  Odober,  1841," 


SUGGESTIONS    I 


thwmo  is  the  name  given' in  South  America  to  the  dung  of  the  sen  fowl  which 
hoverin  countless  flocks  along  llie  shores  of  the  Pacific,  and  which,  from  time 
immemorial,  have  deposited  their  droppings  on  the  rocks  und  the  islands  which 
are  met  with  along  the  coast  o.  Peru. 

Besides  the  fte^  white  guatio  which  is  deposited  year  by  year  in  these  locali- 
ties, diere  exist,  in  some  spots,  large  accumulations  more  or  less  buried  beneath 
a  cavering  ofdritW  sand,  which  have  been  thus  buried  and  partially,  preserved 
from  an  unknown  antiquity.  This  ancient  guano  is  of  a  brown  colour,  more  or 
less  dark,  and  forma  layers  or  heaps  of  limited  extent,  btit  which  are  said  some- 
times to  exceed  even  60  feet  in  (hiclcness. 

In  the  :ime  of  the  Incas  this  substEince  wasiinown  and  higlilyvaluedasama- 
nure,'^lha  country  along  the  coast  for  a  length  of  300  leagues  was  entirely  ma- 
nured by  it, — the  islands  on  which  it  was  formed  were  carefully  watched  and 
[reserved, — and  it  was  declared  to  be  a  ijapital  ofience  to  Idli  any  of  the  sen  fowl 
y  which  it  was  deposited.  Ever  since  that  time  it  has  been  more  or  less  em- 
ployed for  the  same  purpose,  and  much  of  the  culture  now  practised  on  this 
thinly-peopled  coast  i a  entirely  dependent  for  its  success,  if  not  for  ils  existence, 
on  the  stores  of  manure  which  the  sea  fowl  thus  place  within  reach  of  tliose  pails 
Of  the  country  which  are  susceptible' of  cultivation. 

In  modem  times,  however,  the  access  of  foreign  shipping  and  the  want  of 
careful  protection,  have  driven  away  manyof  the  sea  fowl,  and  lessened  toaveiy 
great  degree  the  pcodiictTon  of  the  recent  guano.    Thus  the  country  is  moredp.- 

Sendant  than  in  former  times  pn  the  inbre  ancient  deposits,  which  are  now  assi- 
uously  sought  for,  and  when  discovered  beneath  the  sand,  are  carefully  exca- 
vated and  transpoiied  to  (he  sea-ports  for  sale. 

The  dun^  of  tirda  of  all  kinds,  when  exposed  to.  the  air,  gradually  undergoes 
decomposition,  g^ves  off  ammonia,  and  acquires  a  brown  colour.  As  this  am- 
monia is  one  of  the  most  fer^king  substances  it  contains,  it  will  be  readily  un- 
derstood that  the  old  brown  guano  is  much  less  valuable  as  a  manure  than  that 
which  is  recent  and  while;  hence  the  core  of  the  ancient  Peruvians  in  collcct- 
instbe  fi«sh,  and  their  comparative  neglect  of  the  ancient  guano. 

when  the  brown  guano  is  put  into  water,  a  large  quantity  of  it — sometimes 
■W  per  cent,  of  the  whole — is  dissolved.  Hence,  it  is,  because  the  climate  of 
Peru  is  so  dry  and  arid  that  in  the  plains  rain  scarcely  ever  falls,  that  the  guano 
can  accumulate  as  it  is  found  Id  do.  North  and  south  of  this  line  of  coast, 
Where  rains  are  less  tinfrequent,  such  accumulations  are  not  met  with,  though 
the  birds  appear  equally  plentiful,  and  it  may  be  safely  stated  that,  had  the  cli- 
mate of  Peru  been  like  that  of  England,  the  rains  would  have  washed  the  guano 
from  the  rocks  almost  as  rapidly  as  it  was  deposited. 
Of  the  brown  guano  several  cargoes  have  lately  been  broiight  tp,  England  by 
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on  exiief  prising  merchant  in  Livaqjool,  and  it  has  been  deservedly  recommenii- 
ed  10  the  auenuon  of  Brilish  agriculcnrisls.  It  hss  already  been  uied  upon  va- 
rious crops,  both  of  hay  and  corn,  upon, turnips  also,  and  upon  hops,  and  there 
can  be  no  doubt  whalBver  tliat  in  our  climate,  aa  well  as  in  that  of  Peru,. it  ia 
fitted  to  promote  v^elation  to  a  very  remarkable  degree. 

This  brown  gaanp  varies  much  in  quality,  according  probably  to  the  degree 
of  eiposuie  to  me  air  to  which  it  has  fieen  subjected,  or  lo  its  position  in  the  de- 
posit from  which  it  has  been  dug.    Two  difierent  pordons,  taken  at  randonv 
from  the  same  box,  gave  me  the  following  very  different  results : — 
1°,— Water,  salts  of  ammonia,  and  organic  matter,  expelled 

by  n  red  heat, 33  5per  ot 

Sulphate  of  soda,      .    ■ IS" 

Common  salt,  wi^  a  little  phosphate  of  soda,  ,        .        30-3     " 
Phosphate  of  lime,  with  a  little  phosphate  of  magnesLa 

and  carbonate  of  lime 44'4      " 


Water,  carbonic  and  oxaUo  acids,  &c.,  expelled  f         P^ 

by  a  red  heat,    .         .         .                  .         = 
Common  salt,  vdth  a  little  sulphate  &  phosphate  of  soda. 
Phosphate  of  lime,  Sec aao    " 

100 
According  to  M,  Winterfeldt,  this  brown  guano  ia  soM  al  the  porta  near 
which  it  is  obtained  at  about  3a.  a  owl.  It  might,  therefore,  if  this  be  correct, 
oe  imported  into  the  country,  and  sold  at  leas  than  10s,  per  cwt.  The- price  at 
present  asked,  however,  is  35s,  per  cwt.,  a  cost  at  which  it  is  doubtful  if  the 
English  agriculturist  can  afford  to  use  it 

In  any  case  it  s^ems  improbable  (hat  the  guano  cBn  continue  to  be  imported 
into  this  country  for  any  length  of  time.  If  is  absolutely  necessary  to  the  cul- 
tivation of  the  land  in  Peru,— and  it  is  also  diminishing  in  quantity, — the  first 
settled  government,  therefore,  which  is  formed  in  that  country,  must  prohibit 
the  further  exportation  of  a  substance  so  important  to.  the  national,  interests.  It 
is  a  matter  not  unworthy  of  the  attention  of  chemists,  fJierefore,  lo  ..consider 
whether  amixture  similar  to  the  guano,  aiid  of  equal  efficacy,  cannot  he  form- 
ed by  art — Hot  only  al  a  cost  so  reasonable  as  at  once  to  make  the  British 
farmer  independent  of  the  importw, — but  also  in  such  abundance  as  at  the  same 
lime  to  place  so  valuable  a  manure  within  the  reach  of  all. 

The  following  mixture  oonliuiia  the  several  ingredients  found  in  guano  in 
nearly  the  average  proportions ;  and  I  believe  it  ia  likely  to  be  at  least  as  effica- 
cious as  the  natural  guano,  for  all.  the  crops  to  which  the  latter  has  hitherto  been 
applied  in  this  country: — 

£.     s.     d. 
19    0 
aromoraa,t  containing  3&  lbs.  of  ammo- 

cwt 0    18    0 

5  lbs.  of  pearl-ash      .        .  ..,.010 

100  lbs.  of  common  salt        .  0      3    0 

U  lbs,  of  dry  sulphate  of  soda  .        .        .        0      10 

b'iWhi.  o(  o^lifidal  guano  casl      .  ....         2       1     0 

-  ThQ  Aral  qonialned  alao  S  per  cent  and  the  second  1J  per  cent,  ofsand,  which  has  bsen 
t  Sulphate  of  ammonia  Is  now  maaufEClured  krgel;  at  Glasgow,  and  ma;  be  ^4/qi;tBfa|(^ 


At  ihfl  same  dme  it  is  desirable  ihat  the  relative  efficacy  botli  of  this  mixture 
(artificial  guano),  and  of  the  American  guano,  sliould  be  tried  by  actual  experi- 
ment in  comparison  with  other  substances  of  known  vahie,  and  which  are 
Eupposed  to  act  in  a  way  aoinewhal  similar.  The  substances  with  whicli  I 
would  auggeal  that  such  comparative  ejcperiments  should,  in  the  first  place,  be 
made,  are  farm-yard  manure,  bone  dust,  and  rape  dual,  and  the  following 
scheme  eihibils  the  propordons  in  which  they  may  be  added  to  die  different 
plots  of  land  on  which  the  experiments  are  mtended  to  be  made  : — 


farm-ya'Xanare, 

20b|«h.l8of 

miied  wilh   ' 
chalk  or  gjpsnm. 

fl  cwt,  of 

..^^. 

rape  with 'ashea. 

'SI-SBt 

oC  anisei^  guBDo. . 

•^BB-" 

10i;wi,of 

rape  with  3  cwL 

o/gusno. 

lOtonsdo.  wilh 

'cwl!'of'a''rlificW 

The  praoUcal  farmer  need  not  b ^  

ments  above  suggested.    He  may  try  any  two  or  three  of  them,  a 

will  be  valuable  m  proportion  to  the  accuracy  with  which  his  land  ia  meaaured 

and  his  manures  and  crops  weighed.     1  have  taken  30  tona  of  ferm-yard  manure 


as  a  standard,  though  in  many  highly  farmed  parta  of  the  country  ni 

-.a ,-„ n i.-.i     TwenW  bushels  of  bones  are  recorame 

e  lately  found  that  in  the  Lolhiana  1  owt.  of  rape 


re  usually  applied^  TwenW  bushels  of  bones  are  recommended  by  the 
Donoaster  report,  and  I  have  lately  found  that  in  the  Lolhiana  1  owt.  of 
dust  is  considered  to  replace  1  Ion  of  fiirm-yard  manure.  This  proporlioi 
course  will  vary  with  uie  quality  of  the  latter  manure  ;  but  whatever  quantity 
of  tliis  latler  we  take  as  the  slandnrd  of  compaiison,  it  is  easy  to  adjust  the 
proportions  of  the  other  substances  accordingly.  I  have  not  recommended  any 
trial  10  be  made  with  more  than  6  cwt-  of  guano,  because,  where  farm-yard 
manure  is  valued  only  at  6s.  or  7a.  pec  ton,  5  cwt,  of  the  former  would  cost  as 
muoU  aa  30  tons  ofthe  latter.' 

The  above  experiments  are  intended  to  be  made  wilh  the  green  crop,  and  to 
be  continued  during  an  entire  rotation:t  any  pair  of  ihem,  liowever,  may  be 
tried  cm  aingle  crops,  whelher  of  corn  or  of  lurnips  and  potatoes.  In  this  way 
guano  ought  also  la  be  tried  against  nitraie  of  soda  and  against  bones,  upon 
seeds  and  upon  old  grass-lands.  The  mode  in  which  such  experiments  may 
i  made  will  speedily  suggest  themselves  to  the  intelligent  farmer.  In  oU 
""'"'    araiel^  recorded,  aiul,  if  possible,  fvMisked. 


«  Vie  resvils  skovld 


skovidr  he  tu 


■Whsn 


paragrapb  m 
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of  guan 
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I,  Ehould  he  ir&ced  on  each  t 
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f  THE  EXAMINATIOK  AECD  AtJALYSIS  OF  soils. 


■iedJon  of  sf 


by  which  an  ayt 
when  the  soils  i 
part  of  a  field  to 


B  mixture  of  them  is  submitted  to  analysiE,  die  result  you 


get  will  apply  neither  to  the  one  part  of  the  field  nor  to  uie  other — that  is 
wiil  ha  of  httle  or  no  value.  In-  selecting  a  specimen  of  soil,  therefore,  one  or 
two  pounds  should  be  tt^en  from  each  of  four  or  fivs  parts  of  the  field  where 
the  soil  appears  nearly  alike,  these  should  be  well-miied  together  and  dried  in 
the  open  air  or  before  the  fire.  Two  separate  pounds  should  then  be  taken 
n  the  whole  for  the  purpose  of  analysis,  or  if  it  is  to  be  sent  to  a  distance 
..1 J  i._  .;_j  ._..  :..  .1 —  -■"ing  paper,  or  what  is  nluch  better,  should  be  en- 


s''. DeUrmi-natian  of  tke  deimiy  of  the  soil. — In  order  lo  determine  the  den- 
sity of  the  soil,  a  portion  of  it  must  be  dned  at  the  temperature  of  boiling 
water  (213°),' ml  it  ceases  to  lose  weight,  or  upon  a.  piece  of  white  paper  in  an 
OTen  at  a  heat  not  great  enough  to  render  the  paper  htowh.  A  common  phial 
or  othev  smiJl  bottle  perfectly  clean  and  dry  may  then  he  taken  and  filled  up 
to  a  mark  made  with  a  file  on  the  neck,  wim  dlsulled  or  pure  rain  water,  and 
tJien  carefully  weighed.  Part  of  the  water  may  then  be  poured'ool  of  the 
bottle,  and  1000  grains  of  the  dty  soil  introduced  in  its  stead,  the  bottle  must 
then  be  well  shaken  to  allow  the  air  to  escape  from  the  pores  of  the  soil,  filled 
up  again  with  water  to  the  marlc  on  the  neck,  and  again  weighed.  The  weight 
of  the  soil,  divided  by  the  difference  betwoen  the  weight  of  the  bottle  with  soil 
and  water  and  the  sum  of  the  weiglus  of  llie  soil  and  the  bottle  of  water  to- 
gether, gives  the  spedfio  gravity. 

Thus,  let  the  botde  wito  water  weigh  9000  grains,  and  with  watei-  and  soil 
3600,  then— 

The  weight  of  the  bottle  with  water  alone  = 200(1 

The  weight  of  the  diy  soil 1000 

Sum,  being  the  weight  which  the  bottle  with  the  soil  and  water  ) 

iBoniii  Mci  Aaa  could  (he  soil  have  been  Introduced  without  >     3000 
displaiang  any  of  ^le  water .    .    , ) 

But  the  weight,  of  the  hotUe  with  soil  and  water  was     ....        3600 

Difference,  being  the  weight  of  water  taken  out  to  admit  1000  i        ^qq 
grtuns  of  dry  soil    .    .  • i 

Therefijre  1000  grains  of  soil  have  the  same  bidk  as  400  grains  of  water,  or 
the  soil  is  3}  times  heavier  than  water,  since  lOOO-i-400  =3-5  its  specific 
gravity. 

3°.  Dslenaauitiiin  of  the  absolute  vieigM. — ^The  absolute  weight  of  a  cubic 
foot  of  solid  rock  is  obtained  in  pounds  liy  multiplying  its  specific  gravity  by 
63s— the  weight  in  poonds  of  a  cubic  fbot  of  water.  But  soils  are  porous,  and 
contain  more  or  less  air  in  their  interauoes  according  as  their  particles  are  more 
or  less  fine,  or  as  they  contain  more  or  less  sand  or  ve»;etable  matter.  Pine 
sands  are  heaviest,  clays  next  in  order,  and  peaty  soils  the  lightest.  The 
simplest  mode  of  determining  their  absolute  weight  therefore,  is  lo  weigh  an 
eiaot  impoiial  half  pint  of  the  s^il  in  any  state  of  dryness,  when,  tiiis  weidit 


multiplied  by  150,  will  give  very  nearly  tlie  ^VEjght  of  a  cubic  foot  of  the  soil  in 
that  eiate. 

i".  DfJemiinatian  of  the  relative  jiroportions  of  gravel,  sa-itd,  and  clay. — Five 
hundredgrainsof  the  dry  soil  may  bs  boiled  in  a  flask  haJf  foil  of  water  till  the 

S articles  are  thorou^ly  separated  fhim  each  other.  Being  allowed  to,  stand 
ir  a  couple  of  minutes,  the  walet  with  the  fine  mattet  floating  in  it  may  be 
poured  off  into  another  vessel.  This  may  be  repeated  several  limes  till  it  ap- 
peal^ that  nothing  but  sand  or  gravel  reftiains.  .^^Is  sand  and  gravel  la  then, 
to  be  washed  completely  out  of  the  flaak,  dried,  and  weighed.  Suppose  the 
weight  to  be  300  gtSins,  then  60  per  cent,.*  of  the  soil  is  sand  and  ^rariA.  The 
sand  and  gravel  are  now  to  be  sifted  through  a  gauze  sieve  more  or  less  fine, 
when  the  gravel  and  coarse  sand  are  separated,  and  may  be  weighed  and.their 
proportions  estjmated. 

Ths^B  separate  portions  of  gravel  and  sand  should  now  be  moistened  with 
water  and  examined  CHrefully  with  the  aid  of  a. microscope,' with  the  view  of 
asoertaiiung  if  ihey  are  wholly  sihoious,  or  .if  they  contidn  also  fragments  of 
different  kinds  of  rock — sand-atones,  slates,  granites,  traps,  lime-stones,  or  iron- 
stones, A  few  drops,  of  strong  muriatic  aciii  (spirit  of  salj;)  should  also  be 
added — Iriien  the  presence  of  lime-stone  is  shown  more  .distinctly  W  an  effer- 
vescence, which  can  be  readily  perceived  by  the  aid  of  the  glass,— or  per-osiile 
of  iron  by  the  brown  colour  which  the  acid  speedily  assumes, — and  of  black 
oxide  of  maoganeae  by  adistinot  smell  of  chlorine  which  is  ettsily  recognised.. 
In- the  anbsequeqt  description  of  .the  soil,  thesejioints  should  be  carefully  noted... 

Suppbse.  the- sand  and  gravel 'to  QonOun  half  its  weight  of  fine  sand,,  then 
our  sou  would  consist  of  coarse  sand  and  small  atones  30  per  cent.,  iioe  sand 
30jperoent,,  clay  and  other  lighter  matleHi4t>pei  pent, 

5°.  Msorbing  poiB^  of  the  soil. — A  Ihovisand  grains  of  the  perfectly  dry  soil, 
criished  to  powder,  should  be  spread  over  a  sheet  of  pap^v  and  exposed  to  the 
nit'for  twelve  or  twenty-four  hours,  and  then  weighed.  The  increase  of  weight 
shows  its  power  of  absorbing  moisture  from  the  air.  If  it  amount  to  15  or  30 
grains,  it  is  so  jar  an  indication  of  great  agncultural  capabilities, 

6°.  Its  pmoet  of  hoL-liiis  luat^. — This  same  portion  of  soil  may  how  be  pot 
into  a  funnel  upon  a  (towSet  filler  and  cold  water  poured  upon  it,  drop  by  drop, 
till  the  whole  is  Wet  and  the  water  begins  to  tricMe  down  the  neck  of  the  filter. 
It  may  now  be  covered  with  a  piece  of  glass  and  allowed  to  stand  for  a  £bw 
hours,  occasionally  adding  a  few  drops  of  water,  until  there  remiuns  no  doubt 
of  the  whole  soil  being  perfectly  soaked.  The  two  fillers  and  the  soil  are  then 
to  be  removed  from  the  funnel,  the  fillers  opened  and  spread  for  a  few  mmutea 
upoh'a  linen  cloth  to  remove  the  drops  of  water  which  adhere  to  the  paper. 
The  wet  soil  and  inner  filter  being  now  put  into  one  scale,  and  the  outer  filter 
in  the  other,  aiid  the  whole  carefully  balanced,  the  true  weight  of  the  wet  soil 
is  obu^ned.  Suppose  the  or^nal  thousahd  grains  now  to  weigh  1400,  then 
the  soil  is  capable  of  holding  W  per  cent.  Of  water ,J 

7°.  Rapid'iliyo>itkwhiiJil&  soil  dries. — The  wet  soil  with  its  filter  may  now 
be  spread  out  upon  a  plate  and  exposed  to .  the  air,  in  what  may  be  considered 
ordinary  oircumstancra  of  temperature  and  moisture,  for  4,  IS,  Or  34  hours,  and 
the  loss  of  weight  then  ascertained.     This  wil^  indicate  the  comparative  ra- 

Eidity  with  which  such' a  soil  would,  dry,  and  the  consequent  urgent  demand 
«  draining,  or  the  contrary.  As  great  a  propor^on  of^  the  water  is  said  to 
evaporate  tropi  a  given  weight  of  sand  saturated  with  water,  in  4  hours,  as 
froiTi  an  equal  wei^t  of  pure  clay  in  11,  and  of  peat  in  17  hours— whenplaced 


9e  of  weight  as  IDOilO. 
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iVfl.  V-i  or. 

obtaining  a.  i:omparalive  result  as  lo  llie  rapidity  of  drying.  The  same  melhod 
mfly  be  adopted  in  regard  to  the  powei"  of  the  soil  to  become  warm  under  the 
influence  of  the  suiva  cays.  Two  small  wooden  boxes,  containing  each  a 
layer  of  one  of  the  kinds  of  soil,  two  inches  in  depth,  may  be  ejpoaed  to  the 
same  sunshine  for  ^e  same  length  of  time,  and  the  heat  they  seVevally  acquire 
determined  by  a  thermometer,  biivled  about  a  t^uaner  of  an  inch  beneath  the 
surface.  Soils  are  not  found  to  differ  so  mubh  m  ^e  actual  temperature  they 
are  ciipahle  of  attaiuing  under  siich  circumstances — roost  soils  Mcoming  2iF' 
or  30^  warmevthan  the  surrounding  air  in  the  time  of  summer — as  in  the  re- 
lative degree  of  rapidily  with  which  they  acquire  this  maximum  temperature-r- 
and this,  as  stated  in  the  ies^,  appears  to  dqiend  chiefly  upon  the  dai^nesa  of 
their  colour.  The  determination  of  this  quality,  thersbve,  except  as  a  rnattw 
of  curiosity,  may,  at  the  option  of  the  esperimflnter,  be  dispensed  with. 

9",  Pelertiiiiitdioa  of  ihe  per^cetilage  ef /irganic  nmlier. — The  soil  must  be 
thoroughly  dried  in  an  oven  or  otherwise,  at  a  temperature  not  highey  than  be- 
tween SSf)"  to  300°  F.  Humio  and  ulmio  acida  will  bear  lliis  latter  tempera- 
tvire  without  change.  An  accurately  weighed  portion  (100  to  200  grains)  must 
then  be  burned  in  the  open  air,  till  all  the  blackness  disappears;  This  is  beat 
done  in  a  small  platinum  capsule  over  an  afgand  spirit  or  gas  lamp.  The  loss 
indicates  the  total. weight  of  orjanic  matter  present..  It  is  scwcelyerer  pos- 
sible, however,  to  render  soils  absolutely  i^  witliout  laisingtliNn  to  a  tem- 
perature so  high  aa  to  char  the  oi^nic  maXtOT  present,  and  hence  its  weight,  as 
above  determined,  will  always  somewhat  axeed  the  truth,  the  remaining  walef 
being  driven  off  idng  triJh  tlie  organic  matter  when  the.  soil  is  heated  to'  red- 
ness. THs  excess,  also,  willin  general  be  greater  in  proportion  to  the  quantity 
of  cla^  in  the  soil,  since  this  is  the  ingredient  of  most  soils  from  which  the 
water  ia  expelled  with  the  greatest  difficulty. 

10°.  DelerminaUim  I'f  t/te  kavtu  adfl — TJiis  acid,  whether  merely  mijted  with 
the  soil,  orcombincdwith  some  ofthElimeHridBluminailconlains,is  extracted  by 
boiling  with  a  solulionof  the  common  soda  of  the  shops.  Into  about  two  ounces 
bymeasureof  a  saturated  solution  of  this  salt,  contained  in  a  flaak,  200  or  300 
grains  of  soil,  previously  reduced  lo  coarse  powder,  ate  introduced,  an  equal 
bulk  of  water  added,  and  the  whole  boQed  or  digested  on  the  sand  hath  with 
occasional  shaking  fbr  an  hour.  Tbs  flask  istheii  removed  &om  the  fire,  filled  up 
with  water,  well  shaken,  and  the  particlesof  soil  afterwards  allowed  to  subside.' 
The  clear  liquid  is  then  poured  off.  jf  it  lias  a  brown  colour  it  has  taken  up 
some  humic  acid.  In  this  case,  the  process  must  be  repeated. once  or  twice' 
with  fi'cah  portions  of  the  soda  solution,  till  the  whole  of-  the  soluble  organic 
matter  appears  by  the  pale  colour  of  tlie  solution  to  betaken  up.  These  coloured 
solutions. are  then  to  lie  mixed  and  filtered.  'The  filtering  generally  occupies 
considerable  time,  the  humic  and  ulniic  acids  clogging  up  the  pores  of  tlie  filter 
in  a  remarkable  manner,  and  permitting  the'  liquid  to  pass  through  sometimes 
with  extreme  slowness. 

When  filtered,  muriatic  acid  is. to  be  slowly  added  to  the  coloured  liquid— 
which  should  be  kept  in  motion  by  a  glass  rod — till  effervescence  ceases,  and 
the  whole  has  become  dictinctly  sour.  On  being  set  aside  the  humic  acid  falls 
in  brown  flocks.  A  filter  is  now  to  be  dried  and  carefully  weighed,*  the  liquid 
filtered  through  it,  and  the  humic  acid  thus  collected.  It  must  be  washed  in  the. 
filler  with  pure  water— -rendered  si  ightly  sourbymoiiatlc  acidt — til!  all  the  soda  is 

■  This  1b  l»9t  etftotEd  bj  putting  Ills  Alter  into  a  covEred  porcflBlii  crucible  of  knojra 

i^lt''.loernotri^wf™riLpBp^,»'ilom'iig'hen™8.i™g"lb 

cold  welghtniit.    The  tnerease  ainv^  tlie  known  weipht  of  the  orucibla  la  Ih.uof  llifl  filter 
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aeparateil  from  it,*  when  it  is  to  be  4ried  at  350°  F.,  till  it  ceases  to  lose  weight 
The  final  weight,  minus  that  of  the  filter,  gives  the  quantity  of  huniic  acid  con- 
tained in  the  portionofsoilaubmitterl to  examination,  Aa  it  is  rarely  possible  to 
wash  the  humicacid  perfectly  upon  the  filter,  rigorous  accuracy  requires  that  the 
'filter  and  acid  .should  be  borned  after  bein^  weished,  and  the  weight  of  ash  lefl, 
minus  the  known  weight  of  aah  left  by  die  fiTter,t  deducted  from  that  of  the 
acid  as  previously  determined.  It  is  to  be  obaerred  here  ihat  by  this,  which 
is  really  the  only  available  method  we  possessof  eslbnatin^  the  numio  acid,  a  , 
ccrtwn  amount  of  loss  arises  from  ils  no!  being  wliolly  insoluble,  the  add 
id  which  passes  through  the  filter  being  always,  more  or  less  of  a  brown 


11".  Ddenrd'oaiiira  of  l&e  iKsobii!^  A Eainis.^Many  soils, after  this 
with  carbonate  of  soda  Me  still  move.orlesa  of  a  .brown  colour,  evidendy  due 
to  the  presence  of  other-organic  oiatter,  .  To  aeparate  thk,  Sprengel  recom-' 
mends  to  boil  the  soil,  which  haa^bewi  ti^fitsd  with  carbonate  of  soda,  and 
which  we  suppose  still.taTemBinin  the  flasit,  with  a  solution  of  caustic  potash, 
repeated,  if  necessa^,  aa  in  the  case  of  the  soda  solution.  By  diis  boiling, 
the  vegelabla  raattet,  which'waainsolnble  in  the  carbonate  of  soda,  is  changed 
in  constitution  and' dissolves  in  the.cauatio  potash,  giring  a-  brown  solution, 
fi:om  which.it  may  be^  separated  in  broivn  flocks  by  tlie  addition  of  muriatic 
acid,  and  then  collected  and  weighed  as  above  desdibed, 

Ih  some  soils,  also,  distinct  portions  of  vegetable  fibre,  such  aa  portions  of 
roots.  Sic.,  are  present,  and.  may  be  separated,  mechanically  dried,  and  weighed. 

13*.  Of  aUite  or^TiU  siilslimces  preieid  in  lie  soii—The  sum  of  the  weights 
of  the  above  subatancea  deducted  from  the  whole  weight  of  organic  matter,  aa 
determined  by  bum ij!jg,  gives  Ihat-of  WAt  organic  substances  present  in  the 
floil.  The  quantity  oruiese  Is  in  getjeral  comparatively  small,  and,  unless  they 
are  soluble  in  water,  there  is  no  easy  method  of  separating  thew,  and  determin- 
ing their  weight.  The  following  two  methods,  ho  werer,  may  be  resorted  to: — 

1°,  Half  a  pound  or  more  of  the  moist  aoilmi^y  iie  toiled  widi  two  separate 
pints  of  distilled  Water,  tbs  liquid  filtered  and  evaporated  to  asmal!  built.  Prom 
ila'when  thus  boiled  wid)  wntEr,th*fine  particles  do  not  readily  subside. 
--^,  aflBc  atanding.for  aeverai  dayS,  the  water  is  still  muddy,  and  passes 
niHoay  tnrOtigh  the  filter,  but, .after  being  evaporated,  as  above  recommended,  to 
a  small. bulk,  most  of  die  fine  clayey  matter  remains  on  the  naper  when  it  is 
again  filtered.'  As  soon  as  it  has  thueptissed  through  clear,  the  liquid  may  be 
evaporated  to  perfect  dryness  at  25(F  F.,  and  weighed.  Being  now  treated 
with  water — a  portion  will  be  dissolved— this  must  be  poured  off,  and  the  inso- 
lublS  remainder  a^ain  perfectly  dried  and  weighed.  If  this  remainder  be  now 
heatdd  to  redness  m  the  air,  any  organic  matter  it  contains  will  be  burned  off, 
and  its  weigbt  ascertained  by  the  losa-oii  again  weighing.  This  loss  may  be 
considered  aa  huraio  acid  rendered  insoluble  by  drying.6  It  does  not  require  to 
be  added  to  (he  weight  of  hdmic.acid  alrea^  deternuned  (10°),  because  in 
that  eiperiment  a  portion  of  soil  was  employeq  which  had  not  teen  toiled  m 
aaler,  and  from  which  therefore  the  carbonate  of  soda  "woii)d  at  once  extract 
all  the  humio  acid.    The  present  eiperimcnt  need  only  be  made  when  it  is  dc- 

'  Thia  jg  agcErlained  by  ullecllnjiB  l^w  drop^  of  what  Is  paetiag  through  upon  a  plec;  cf 
cl«an  glaaa  or  plaliniim,  nnil  dfj\pi  them  over  the  lamp,  when,  irapercepUble  alaknorapol-^ 

1  Tlieash  ten  by  uiep^per  emploreri  far  filters  stinuliJaJwsjsbe  known.  Thieis  Bscer. 
tiAned,  once  for  bJI,  bj  drflas  a  qaantt^  of  it  In  the  way  described  in  the  previous  note, 

aileiing  pa.per,  Ibe  ash  ought  not  lu  eicsed  one  per  cent. 
t  The  portion  which  thus  ismiloS:  1b  the  saliilion  ma;  be  precipitated  b;  adding  a  smalt 

SiianUlT  ofBBOIolionnf  alnm,  andiflorwardaLronringln  ammonia  In  eicesB.  The  alumina 
ilia  coloured  by  Iho  organic  mailer,  andajler  Being  oollailed  on  a  filter,  washed,  aod  dried, 
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siraWe  to  agocrtEiin  how  much  Imniic  acLd  a  soil  contains  in  a  state  In  ■vM<:\i  it 
is  soluble  in  water.  Where  ammonia,  potash,  or  soda  is  present  in  the  soil, 
some  chemists  consider  this  quanljtyto  l>e  very  eonsidsraijie,  and  to  exercise 
an  iraportantinfluence  upoi\  vegetation. , 

Tliat  which  was  taken  up  by  water  from  the  dried  residuum  is  again  to  be 
evaporated  to  dryness,  dried  at  150°,  weighed,  and  burned  at  a  low  red  heat 
The  loss  is  organic  matter,  and  may  have  been  oreiiip  or  apocrenic,  or  some 
other  of  the  organic  acids  formed  in  soils,  the  compounds  of  which,  with  lime, 
alumina,  and  prot-oiLdft  of  iron,  are  soluble  in  water.  If  any  little  sparkling  or 
burning  like  match-paper  be  observed  during  this  heaUng  to  redness,  it  may  be 
considered  as  an  indication  of  the  presence  of  nitric  acid — in  the  form  or  ni- 
trate of  potash,  soda,  or  lime.  In  this  case  the  loss  hy  burning  will  slightly  ei- 
cesd  the  true  amount  of  orgagjc  mntter  present,  owing  to  the  decomfiosition  and 
tsoape  of  the  nitric  acid  also.  The  mode  of  estimating  the  quantity  of  this  acid, 
when  it  is  present  in  any  sensible  prnporlion.  Will  be  hereafter  described. 

3°.  ThecaustiopotashemployedtodissolvB  the  insoluble  humus (11")  takeS 
up  also  any  aluMma  which  may  have  been  in  combination  with  the  humic 
acid  or  may  still  remiun  united  lo  the  muflesous'  or  other  organic  acids.  When 
tlie  aolt^on  ia  filtered  and  the  humic  acid  separated  by  the  addition  of  muriate 
acid  till  ^e  liquid  has  a  dietinctly  sour  tasta,  ^lia  alumina,  and  the  acids  with 
which  it  is  in  combination,  still  remain  In  solution.  After  the  brown  flocks  of 
liumic  atad,  liowever,  are  collected  on  the  filter,l!le  alumina  may  be  thrown  down 
from  the  filtered  solution  by  adding  caustic  ammoriia  to  the  «our  liquid,  until 
it  lias  a  distinctly  ammoniacal  smelf  The  light  preoipltate  which  fidl.'!  mnst 
be  collected  on  afilter  and  washed  with  hot  water  till  thepotaah  is  as  comiiletely 
separated  as  possible.  It  is  then  to  bo  dried  at  300°  P.,  weighed  audioaled 
for  some  time  in  a  close  crucible  over  the  lamp,  at  a  temperature  which  hegisa 
to  discolour  it,  and  again  weighed.  Being  now  burned  in  the  air  till  it  is  quire 
v/hitOj  and  weighed,  the  last  loss  may  be  considered  as  mudeaous  or  some  simi- 
lar acid. 

The  reason  why  this  second  rtiethod  of  dryii^  over  the  lamp  is  here  re- 
commended, is,  that  alumina  and  nearly  all  iis  compounds  part  with  their 
water  with  great  difficulty,  and  even  with  the  precautions  above  indicated,  it  ia 
not  unlikely  that  a  larger  per-centage  of  organic  matter  may  thus  be  indicated, 
than  in  reality  exists  in  the  soil.  The  check  which  the  accurate  experimenter  haa 
upon  all  these  determinations  is  this,  that  the  sum  of  the  several  weights  of  the 
humic  acid,  the  insoluble  humus,  the  vegetable  fibre,  and  of,  the  crenicand  mu- 
desoUB  acids,  if  present,  should  be  somewhat  lass  t(mn  that  of  the  whole  com- 
bustible organic  matter,  as  determined  by  burning  the  dry  soil  in  the  open  air 
(9°).  liiiB  quantity  wo  have  seen  to  be  in  most  cases  g^'ealer  than  the  truth, 
because  any  remaining  water  or  any  nitric  acid  the  soil  may  contiun,  are  at  (he 
same  time  driven  off. 

I  may  further  remark  upon  this  subject  that  the  quantity  of  alumina  thus 
dissolved  by  the  caustic  fiotash  is  in  moat  soils  very  small'  and  die  quantity  of 
organic  matter  by  which  it  is  accompanied  in  many  ooaes  so  minute,  that  the 
determination  of  it  may  be  considered  as  a  matter  of  curiosity,  rather  than  one 
oF  practical  importance. 

13°.  With  a  view  to  determine  the  noMa-e  of  the  soluble  saline  matter  in  the 
soil,  a  prehminary  experiment  must  be  made.  An  unweighed  portion  must  ba 
introduced  into  five  or  six  ounces  of  boiling  distilled  water  in  a  flaak,  and  kept 
at  a  boiling  temperature,  with  occasional  ahaking  for  a  quarter  of  an  hour.  It 
may  then  be  allowed  to  subside,  after  which  the  liquid  is  to  be  filtered  till  it 
passes  through  clear.    It  is  tiicn  to  be  tested  in  the  ibilowing  manner.    Small 


,c;>H,3ic 
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separate  por^ons  are  to  beput  into  so  many  clean  wine  glasses,  and  the  efFcci 
produced  upon  thess  by  different  chemical  substances  carefully  noted. 
If  withHffl»'dmD8of— 
a.  NiHralsa/B 
disappear  on  the  s  . 

nc  Odd.  If  the  precipitate  does  appear,  it  containB  carbonic  add.  In  Ihis  lat- 
ter case,  the  liquid  will  also  effervesce  on  llie  addition  of  either  of  the  acid^ 
above 'mentioned. 

*,  If  with  oxfdaU  o(  anaaoma,  it  eiTes,  either  immediately  or  after  a  time,  h 
white  cloud,  it  contains  lime,*  ancT  the  greater  the  milltineas,  the  larger  the 
quantity  of  iiroe  may  be  presumed  to  be. 

c.  If  with  nitrate  ri/ silue/,  it  gives  a  white  curdy  precipitate,  insoluble  in  pui-o 
nitric  ajad,  and  speedily  becoming  purple  in  the  sun,  it  may  be  presamed  to 
contain  chlorine. 

d.  If  with  cottsfe  ammonia,  it  gi'^s  a  pare  white  gelatinous  precipitate,  it 
contains  either  ahmiliui,  of  •sia^wiio,  or  liolk.  In  this  case,  muriatic  acid  must 
be  added  Ull  the- precipitate  disappears,  and  the  solution  is  distinctly  acid  If 
on  the  addition  of  ammonia  in.  excess,  the  precipitate  reappears  unaiiftimshed 
in  quantity,  it  contains  i^'mmita.  m^.  If  it  be  dis^ctly  i^  in  tjoantity,  we 
may  infer  Me  presence  of  both  magnet  and  alumina;  andif  no  precipitate  now 
appears.  thatitconlainsniiigJiejiB  (mi)/.  If  a  la^q  nan  lily  of  magnesia  be  present, 
it  may  be  necessary^  to  re-dissolve  and  a6di^  lEe  solouon  a  second  tijaie  fce- 
^Gt&,  on  the  re-addition  of  ammonia,  the  precipitate  would  entirely  disnppeai'. 

If  the  precipitate,  by  ammonia,  have  mors  or  less  of  a  browri  colour,  the  pre- 
asncc  of^inm,  and  perhaps  mamfniv^e,  may  be  inferred.  If,  on  the  second 
addition  of  ammonia,  the  colour  of  the  precipitate  has  disappeared,  it  ha^  been 
due  to- the  manganese  only— if  it  still  continue  brown,  it  is  owing  chiefly  or 
altogether  to  the  presence  of  ojtide  v/f'yturi.  If  the  colour  of  the  precipitate,  tiy 
ammonia,  he  very  dark,  it  consists  almost  entirely  of  oiide  of  iron,  and  may 
contain  littie  or  no  alumina, — when  it  is  only  more  or  less  brown,  the  presence 
of  both  alumina  and  oxtde  of  iron  may  with  certainty  be  inferred. 

e.  If,  after  the  £rst  addition  of  ammonia,  the  solution  be  filtered  to  separate 
the  alumina,  the  oxides  of  iron  and  manganese,  and  the  magnesia  that  may  be 
tiirown  down — if  oxalate  of  ammonia  be  then  added  till  all  the  lime  falls,  and 
the  liquid  be  again  filtered,  evaporated  to  dninesa,  and  then  heated  to  incipient 
redness  in  the  air,  till  the  excess  of  oxalate  of  ammonia  is  destroyed  and  diiven 
off— and  if  a  soluble  residue  then  reniain,+  it  is  pi-obahle  that  fola^i  or  soda,  or 
both,  nre^present.  If,  on  dissaving  this  residue  in  a  little  water,  the  addidon  of 
a  few  drops  of  a  solution  of  tartaric  acid  to  it  prodace  a  deposits  of  small 
colourless  crystals-  (of  cream  of  tartar),  or  if  a  drop  of  a  solution ,  of  bi-chlo- 
ride  of  plaunum  produce  in  a  short  time  a  yellow  poivdery  precipitate,  it  con- 
tfiins  potisA.  If  no  precipitate  is  produced  by  either  of  these — re-agents  as  they 
are  called— the  presence  of  soda,  may  be  inferred.  If  the  yellow  precipitate, 
containing  potash  and  plaunum,  be  s^iarated  hy  the  Glier,  and  the  solution,  after 
being  treated  with  sulphuretted  hydrogen  and  filtered  to  separate  the  excess  cjf 
bi-cmoride  of  platinum,  be  evaporated  to  dryness— if,  then,  a  soluble  saline 
residue  still  remain,  the  solution  contains  soda  as  well  as  potash. 

'le  observed  that  some  magnesia,  if  present,  may  accompany  the  pi 

'   ''   "     ^ these severid processes.  Afterth ' 

jnia  will  detect  the  oreaence  of  m 

be  found  solar  to  interfere  with  iiiis  frmmvrucey  exan 
eiperimenterfrom  arriving  at  correct  results  (see  p.  35,  /}. 


/.  If  the  addition  of  bi-chjoriile  of  platinum  lo  the  solution  directly  filtered 
from  the  anil  give  a  yellow  precipitate,  it  contains  eilher  potash,  or  amm/mia, 
It^  when  collected  on  the  Ulter,  dried,  and  heated  to  brieht  redness  in  the  air, 
white  f&mes  are  given  off  by  this  yellow  pieoipitata,  and  only  a  ajwngy  mass 
of  melalhc  platinum  remains  behind,  the  solution  contains  aiimurma  only.  If, 
wilh  the  plalinnm,  be  mixed  aporrion  of  a  soluble  euhetance  having  a  taste 
like  that  of  common  salt,  and  giving  again  a  yellow  precipitate  with  bi-chloride 
of  platinum,  it,  contains  folofh — and  if  the  spongy  platinora  contained  in  the 
burned  mass,  aflec  prolonged  healing,  amount  to  more  than  57  per  cent,  of 
its  weight,  or  if  it  be  to  tlie  soluble  matter  in  a  higher  proportion  than  thai  of 
4  V\  li,  the  solution  contains  both  folask  and  astmoida. 

The  presence  6(aiau^ilia  m  the  saline  aabstance,  or  in  the  concentrated  solu- 
tion is  more  readily  detected  by  "adding  a  few  drops  of  a  solution  of  oausiio 
potash  when  the  amell  of  ammonia  b^mes  perceptible,  or  if  in. too  small 
quantity  lo  be  detected  by  the  smell,  Jt  willj  if  pceaenl,  restore  Iha  blue  colour 
to  reddened  htmas  paper    Tbis  experiment  is  oest  made  in  a  small  tube. 

S  If,  when  the  solution,  ohtamed  directly  from  the  soil,  is  evaporated  to  dry- 
ness and  tiie  residue  heated  to  redhess  in  the  air,  a.deSnaration  or  burning  like 
matoh  paper  be  observed,  nitnc  acid  is  present.  Or,  if  toe  dry  mass,  when  put 
intj  a  test  tube  with  a  httle  muiiatic  acid,  evolves  distinct  red  fumes  on  boing 
heited  or  enables  the  munatio  BLid  to  dissolve  gold-dast,  and  form  a  yellow 
solution  or  if  to  a  colourlesa  solution-  of  green  vitriol  (sulphate  of  iron), 
mlioduced  into  the  tube  along  with  ihe  muriatic  acid,  it  imparts  more  or  less  of  a 
brown  colour — m  any  of  these  cases  the  presence  of  nitrio  acid  may  with  cer- 
tainty be  inferred  It  will  be  only  on  rare  oocasiona,  however,  that  salts,  so 
soluble  as  the  nilmtes  mil  be  found  m  sensible  quantity  in  the  small  portion  . 
of  a  soil  hkely  lobe  employed  jn  these  preliminary  eipecimenls. 

A  If  ammonia  thiow  down  nothing  (see  under  rf)  from  the  solution,  and  if 
0  precipitate  ippear  when  chlor  de  of  calcium  or  magnesium  is  afterwards 


cipitate  and  aflei  this  ls  separated  by  the  filter,  nofliing  further  fells  o 
either  of  the  above  chlorides  toe  phosphoric  acid,  if  any  is  present,  wiil  be  con- 
tained in  the  precipitate  which  is  upon  toe  filter.  1*1  this,  after  Wng  well 
washed  with  distilled  walPr  be  dissolved  off  with  a  little  pure  nitric  acill 
dduted  with  water  and  then  neutralized  as  eiactiy  as  possible  with  ammonia. 
If  a  solution  of  acetate  (sugar)  of  lead  now  llirow  doivn  a  white  precipitate,  phos- 
phoric acid  is  pi'csent.  The  phosphate  of  lead — the  white  p-ecipitate  which 
ffljls — melts  readily  before  the  blow-pipe,  and,  on  cooling,  crystallizes  into  a  bead 
with  beautiflil  crystalline  facets. 

Or — if  the  precipitate  thrown  down  hy  ammonia  be  wholly  or  in  part  insolu- 
ble in  pure  acetic  acid  (vinegar),  that  which  is  undissolved  contains  phosphoric 
acid.  If  acetic  acid  dissolve  the  whole,  it'may  be  inferred  that  no  phosphoric 
acid  is-pcesent  in  ihe  soil. 

But  if  no  precipitate  be  thrown  down  by  ammonia,  instead  of  the  chloride  of 


14°.  Determinaiiini  of  the  jManiiiiej  of  the  several  aitisH/^isnls  of  iie  sohbte 
saline  ma,tU!:— The  quantity  of  soluble  saline  matter  extracted  from  a  mode- 
rate quantity  of  any  of  our  soils  is  rarely  so  great  as  to  admit  of  a  rigorous 
analjrais,  and  the  preceding  determination  of  (he  isud  of  substances  il  contains 
will  be  in  most  cases  sufficient.    Cases  may  occur,  however,  in  wlUGih  mach  r 

'■'■■■■  ^     s 


saline  matter  may  be  obtained ;»  it  will  bo  proper,  therefore,  briefly  to  stale 
tha  methods  by  which  the  respecliye  quantities  of  each  constituent  may  be  ao- 
curately  determined. 

a.  Bslivtaiuin  of  the  SidphnrU  Acid. — The  solution  being;  gently  warmed,  a 
few  drops  of  nitric  acid  srs  to  h$  added  until  -the  solution  is  slightly  acid,  and 
(uiy  carbonic  adilthat  may  be  present  is  expelled,  after  which  nitrate  of  baiyta 
is  to  be  added  to  the  aoluuon  as  long  as  any  thing  falls.  '  The  white  precipi- 
tate (sulphate  of  baryta)  is  then  (o  be  collected  on  a  weighed  filter,  well  washed 
with  distilled  water,  dried  over  boiling  water  as  long,  as  it  loses  weight,  and 
then  weighed.  The  weight  of  the  filter  being  deduoted,+  esery  100  grains  of 
tha  dry  powder  are  equal  to  3437  grains  of  sulphuric  acid. 

ft.  Esliraaiioft  of  ike  CMeriKe. — The  solution  of  nitrate  of  silver  must  be  add- 
ed as  long  as  any'precipilale  falla,  the  precipitatflthen  washed,  dried  at  212°  F., 
and  weighed  as  before,  Esery  100 grs.  of  chloride  of  sDver  indicate  S467  gis. 
of  chlorine,  oriO'SS  grs.  of  common  salt 

c.  Estimidi/m  of  lie  liime. — A  little  diluted  iniirialio  acid  being  added  to  throw 
down  the  excess  of  silver,  and  a  litUe  sulphuric  add  to  separate  the  excess  of 
baryta,  added  in  the  former  operations,  and  the  precipitates  serrated  by  ni- 
tration—oausticammoniaisto.bepouredin,  till  thesolutionisdiatinctlyalcaline. 

■  This  Is  the  case  wilh  the  rloh  soils  of  India  and  Egjpt,aodof  other  warm  climates. 
This  will  apneBrfrointhefollowln(!anB,Ij80s  of  snme  Indian  soils,  made  on  the  spnl  hjMr. 
Flembig,  orBiiruchaii,  during  the  hours  of  leisure  left  hiinb;  his  mnra  important  duties  :— 
Ajudysis  of  soils  in  Nol'l/t  and  SirutA  Be&ar,  Beagal  Presuienq/,— {300  grains  of 
each  iemg  analysed.)  ■ 
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1=.  NearC(yo,lSooIhBehar.—Oradarkcolour, soapy 
(0  Ibe  loucli  when  molsl,  hard  and  craclts  when  dry  ; 
yields  a  crop  office  andoneof  wheat  every  year.  Ne- 

tbe  ralpy  season,  and  is  productive— from  30  (o  50 
brahels  of  wheat  per  acre. 

mor^iand  craoliB  when  dry— raliier  more  productive 

l=.  FVomlhe  sama  district— Heavy  ted  clsy  soil, 
producing  wheat,  pease,  cottop,  gr  poppy  In  the  dry 
season,  arid  Indian  corn  and  Inillel  in  ihe  wet  eeaaoTi ; 

yielding Iwe  crops  yearly;  net  Inundated,  producine 
wheat,  barley.  Indian  corn,  indleo,  poppy,  ^c    From 
as  to 35  bushels  orwbeat  per  acre;  is  not  usually 

tl.a  same  crops,  b«  nol  a,  produclive  js  No.  4.   Saline 

8°.  Tirh«rt.-0ao  praducU.^  as  No.  6.  and  some 
pilches  nearly  sterile  li-om  the  Bsline  effinresceiice, 

*™ ts'of IndijnlllJn  "'l^i'l'u  KlolIreT''"'"'^     ■ 
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proportion  deduoled  from  the  woj^l  oflho  sttlphale.        ,     ..       CtOO'-'K' 


Evety  100  j 


If  no  precipitate  fall,  osalateof  ainmonia  ie  to  be  added  as  Ions  as  any  while 
powder  appears  to  be  pro^ucsd.  The  solution  must  then  be  left  to  aland  over 
nifflit — that  llie  wt.ola  of  the  lime  may  separate,-  the  white  powder  ailerwarda 
cuTlected  on  a  filter,  waahed,  dried,  and  buvned  with  tlie  filter,  at  a  low  red  heat. 
The  grey  powdef  obtiuned  is  oai'boiii^  of  lime,  every  100  sea.  of  which  con- 
tarn  «-71  gra.  of  lime. 

d.  Estliiialion  of  the  0:iile  afli/nt  and  of  the  Abimina. — But  if  a  precipitate 
fill!  on  tlio  a.tditioo  of  ammoiim,  as-  above  praapribBd — the  solution  may  ooii- 
t;iin  magnesia,  alaminn,  and  the  oiidea  of  iron,  and  maug^anese.  In  thta  case 
tile  pi'erMpltate  is  to  here-dissolved  by  the  addition  of  muriatic  add  Ullicisdis- 
lincllj'af.id,  and  ammonia  again  addedinaiighteiceas.  If  any  precipilalenow 
fa,ll,  It  will, consist  only  of  alumina  and  oxide  of  iron,  unless  magnesia  and 
oxide  of  manganiae  be  praaent  in  large  propoition,  when  a  minute  quantity  of 
each  may  full  at  the  same  time. 

Thepraoipitateisto  ha  oollecled  onthi;  filter  aa  q^uicklyaa  possible, — the  furi- 
nel  beingat  ihe  aametime  covered  with  a  plate  of  glass  to  proyent  aa  much  as 
possible  tlic  acpeas  of  llie  air,-— washed  with  distillaiTwatEi-,  and  than  re-dissoivod. 
iu  miuiatic  ackl.  This  is  beat  bifecled  by  spreading- out  the  filter  in  a  small 
poicplaiii  (lisli,  adiliii;;  dilute  acid  till  all  is  dissolved,  and  then  waBliitia;  the  pa- 
per M'cU  wiili  diaiilleii  walPr.  A  ffew  drops  of  nilrle  acid  are  then  to  5e  added, " 
and  llie  solution  lieaLed,  to  >peroxidize  the  iron.  A  soLu^on  of  caustic  potash 
added  in  cixess  will  at  first  flirow  down  both  the  oxide  of  iron  and  alumina,  hut 
will  aflerwaida  re^saolve  the  alumina,  and  leave  only  the  oxide  of  kon.  This 
'a  coUacted  on  e.  filter,  waahed,  dried,  heated  to  rednesa,  and  weighed. 
100  gvains  of  this  peroxide  of  iron  ^ve  equal  to  8978  grains  of  protoxide, 
ch  State  it  had  most  probably  existed  in  the  original  solution. 

To  Qie  potash  solution  muriatic  add  is  added  till  the  alkali  ia  s&tujated^  or  till 
the  solution  reddens  litmiu:  paper,*  when  (lie  addition  of  ammonia  precipitates 
the  alumina.  As  it  ia  difficult  to  wash  this  predpiCate  per&ctly&ee  iVompotasli,  it 
is  better  to  dissolve  it  again  -in  nnjiiatic  acidj  and  to  re-preoipitate  it  by  caustic 
ammonia.  When  weU  mashed,  dried,  and  weighed,  this  precipitate  gives  the  true 
quantity  of  alumina  present  in  the  portion  of  salt  submitted  to  analyaia. 

e.  BstiiaaHon  of  lai  Maiigancie. — To  the  ammoaiacs]  solutions  from  which 
the  ostiate  of  lime  has  been'  precipitated  (c),  a  solution  of  hydro-sulphurel  of 
aminonia  is  to  be  added.  The  manganese  will  (all  iii  the  Kirm  of  a  fiesh  red 
sulphuret.  When  this  precipitate  has  fiilly  subsided,  it  must  becoUected  on  the 
filter  and  washed  with  water  containing  a  very.littie  hydro-sulpliutet  of  ammo- 
nia. The  filter  is  then  put  into  a  glass  or  porcelain  badn,  the  precipitate  dia- 
soWedoffby  dilute  muriatic  acid,  and  tlie  solution  filtered,  if  necessary.  A  so- 
lution of  cnrboiiate  of  potash  then  throws  down  carbonate  of  manganese,  which 
is  collected,  dried,  and  healed  to  redness  in  the  air.  Of  die  brown  powder  ob- 
tained 100  },T:ains  indicate  the  presence  of  93-84  grains  of  protoxide  of  manganese 
ill  the  salt  or  solution  under  examination. 

f.  EsliauiliaiioftlieMiignesi/i,, — If  no  potash  or  soda  be  present  in  the  residual 
solution,  the  dolarraination  of  the  ma^eia  is  easy.  A  few  drops  of  muriatic 
acid  are  added,  and  the  whole  gently  heated,  and  atlerwarda  filtered,  to  aeparata 
the  sulphur  of  the  excess  of  hyiSo-sulphuret  of  ammonia  previously  added.  The 
solution  is  then  evaporated  to  dryness,  and  the  dry  mass,  heated  to  rednesato 
drive  off  all  the  ammoniacal  salts  previously  added.  A  few  drops  of  diluted  sul- 
phuric acid  are  added  to  what  i-emains,  to  change  tlie  whole  of  the  magnesia 
into  Bulphoto,  the  mass  again  healed  to  redness  and  ■^veiehed.  One  hundred 
grains  of  this  sulphate  indicate  the  presence  of  3401  grs.  d  pure  mB™esia. 

But  ifyioiBsli  01- BOda  be  present— the  weight  of  which  it  is  desirable  to  deter- 
mine — the  simplest  method  is  to  take  a  fresh  portion,  15  to  30  grains,  of  the 
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acid  be  present  in  it  add  ni- 

_.. ^  ._j.  ._ whole  of  Ihe  acid  is  eiacdy 

thrown  down — if  possible,  no  axceea  of  baryla  being  left  in  the  solution — (hen 
precipitate  the  aluminB.  ani^  oxides  of  iron  and  manganese,  and  the  lime,  if  any 
of  thBsfiliepresEht,  and,  finally  eyaporata  to  dryness,  and  heoi  to  redness  as  bs- 
foce.  The  dry  maas  is  now  to  be  diasoWed  in  water,  adding,  if  neoessarg  to 
comtfiele  the  sotidiim,  ai  few  drops  of  mntiaic  acid.  A  quantity  of  red  tixide  of 
.  mercury  is  then  Ui  be  added  to  the  concentrated  solution,  and  the  whole  boiled 
down  to  dryness.  Water  now  dissolves  out  tbe  potash  and  soda  only,  and 
leaves  the  magnesia  mijced  with  o^ude  of  mercury.  This  is  (o  be  collected  on 
B  filter,  wasb^-^-not  with  too  much  water — and  heated  to  redness,  wheii  the 
magnesia  remiuns  pure,  and  may  be  Weighed. 

g.  EsiiiaaliiM  af  i/i£  PotusA  aitd' Sfda, — The  solution  oontaining:  tbe  potash 
and  soda,  is  to  be  evaporated  to  dryness,  and  heated  to  redness  to  drive  oiT  any 
mercury.  It  may  contain.  The  weight  of  the  inasa  which  consists  of  a  mixture 
of  chloride  of  potassium  with  chloride  of  sodium  (common  sail)  is  aciuralely 
deterinined,  it  is  then  dissolved  in  a  small  g^oantity  of  water,  and  a  solution  of 
bi-chtorlde  of  platinum  added  to  it  in  suthcient  ciUBntity,  Bein^  evaporated  by 
a  very  g  ntleheat  nearly  to  dryness^  weak  alcohol  is  added^  which  dissolves  tlie 
chtonde  of  sodium  and  any  excess  of  salt  of  platinum  whicli  may  be  present. 
The  yellow  powder  is  collected  on  a  weighed  filter,  washed  well  with  spirits, 
dried  by  a  gende  heat  and  wdghed  on  the  filter,  Every  IQO  grains  indicate 
Ihepresence  of  1933  grtdns  of  potash,  or  3056  grains  of  chloride  ofpofassisim. 

TJio  quantity  of  chloride  of  sodium  is  estimated  from  the  loss.  The  weight 
of  thft  chloride  of  potassium  above  found,  is  deducted  from  thai  of  the  mixed 
-chlorides  previously  ascertained,  the  remainder  is  the  weight  of  ihe  chloride  of 
sodium.  Every  100  grains  of  chloride  of  sodium  (common  salt)- are  equiva- 
lent to  53'39  of  soda. 

i.  Estimaliimof  t&e  Ammonia. — If  ammonia  be  present  in- the  solu^on  along; 
with  pbtash  and  other  substances,  the  method  by  which  it  can  be  most  easily 
estimated  is  to  introduce  tjie  solution  into  a  large  tabulated  retort,  to  add  water 
until  tlie  solution  amounts  to  nearly  an  English  pint — t^en  Co  introduce  a^uan- 
tity  of  caustic  polash  or  cansUc  baryta,  and  ,to  distil  bj  a  gentle  heat  into  a 
dose  receiver,  containing  a'  little  dilute  muriatic  acii^  until  nilly  one  half  has 
passed  over.  Bi-chloride  of  platdnum  is  then  to  be  added  to  the  sotuUon, 
which  has  come  over,  previously  rendered  slightly  add  by  muriatic  acid,  and 
the  whole  is  evaporated  ijeoriy  to  dryness  by  a  very  gentle  heai  Dilute  alco- 
hol 13  then  added  to  wash  out  the  excess  of  the  salt  of  j)latinum,  and  theyello'v 


ness,  when  only  mettilhc  platinum  will  remain.    One  hundred  ^ins  of  this 
metallic  pkUnum  indicate  the  prasBnoe  of  1739  grains  of  ammonia. 
■   i,  EshToatioii  of  Ike  PAf>spij>ric  Add, — If  phosphoric  acid  be  present  in  the 
solutioUj  it  will  be  contained  in  Ihe  precipitate  thrown  down  by  ammonia  (<^). 
A  .  ■.  _...■.  T  .  ,-...   J  1  |[  in  very  small  quantity,  therigorous  determination 

of  considerable  difficulty..    iTie  ibllowing  method 


As  it  will  never  lie  found  but  in  very  small  quantity,  the ri 


already  described  (13°,  A,)  may  be  adopted.  The  precipitated  alumma,  o:. 
of  iron,  &c.,  thrown  down  by  ammonia,  after  being  dried,  are  to  be  mixed  with 
three  times  their  weight  of  pure  dry  carbonate  of  soda,  and  fused  together  in  a 
platinum  crucible.  The  fused  mass  is  Uien  lo  be  treated  with  cold  diatjlied 
vi^tec  till  every  thing  soluble  is  taken  up.  The  filtered  soluUon  is ,  next  to  he 
gently  healed  and  exactly  neutralized  with  nitric  acid,  when  a  solution  of  ni- 
trate of  silver  win  throw  down  a  viMe  precipitate  of  phosphate  of  silver,  which 
is  to  be  collected,  dried,  and  weighed.  Every  hundred  grains  of  it  are  equal  to 
33'5I  of  phosphoric  acid,  or  4S'50  of  bote  earth. 

1../..  ..CtOIH^Ic 


Or  the,  filtered  solution  may  be  treated  with  muriatic  aeid,  ammonia  added  in 
excess,  and  tiien  a  aolution  of  cliloride  of  calcium.  Sens  earlk  will  fiill,  which 
ia  to  be  ooliecled,.  washed,  heated  to  redness,  and  weighed.  One  liundred 
grains  of  it  contain  4845  a!  phosphoric  acid.  The  fotmer  method  is  prohaljlf 
tlic  halter,  but  n«tliOT  of  ihem  will  give  more  than  an  approiimHlion  to  the  truth. 

That  poriion  of  the  fused  maas  wliich  cold  water  lias  refused  lo  lake  up  is  to 
be  dissolved  in  muriatic  acid,  and  again  prscipitatfld  by  ammonia.  The  clear 
solution  wliich  passes  through  is  to  be  added  lo  the  first  ammoniacHl  solu- 
lion  (c),  from  which  tlie  lime  ia  not  yet  ihrowti  down,  as  when  litlie  alumina 
and  oxide  of  irgn'are  present,  a  small  portion  of  lime  and  magnesia,  if  con- 
tniiied  in  the  salt  under  examination,  may  hare  tallen  along  with  them  in  com- 
bination with  phosphoric  acid. 

The, alnmlaa  an,d  oiide  of  iron  which  rest  on  [lie  filtef  are  lo  be  separated 
azid  estimated  as  already  described  («). 

k,  Eitimaium  of  tks  Caiiiotdc  Add. — The  lime  and  magnesia  diasolsed  by 
cold  diluted  muriatic  aotd  are  partly  in  combination  with  carbonic  acid  and 
partly  with  the  humic,  ulmic,  and  other  vegelatile  acids.  To  determine  tlie 
caibonic  acid,  100  grains  of  toe  HoiL  dried  Bl^2li°,iira  to.be  introduced  into  a 
small  weighed  flask,  and  theii  -just  covered  by  a  weighed  quanti:y  of  cold  di- 
tulfld  muriatic  acid.  After  13  hoars,  when  the  action  has  ceased,  a  small  tube 
is  to  be  introduced  into  the  fia^and  air  sucked  through  it  till  the  whole  of  the 
carbonic  acid  is  drawn  out  of  the  flask.  The  losa  of  weight  will  indicate  the 
amount' of  carlionie  acid  Tery  nearly.-  It  would  be  more  rigorously  ascertained 
by  fitting  into  the.moath.of  the  flask  a  tube  containing^  chloride  of  calcium, 
and  then  heating  the  solution  to  e:^pet  the  carbonic  field. 

Every  hundrw  gMins  of  carbonic  acid  indicate  the  presence  of  7724  grains 
of  lime  in  the  slate  of  carbonate.  The  weight  of  lime  in  lliis  slate,  deducted 
fioni  the  whole  weight  obtmneri  as  above  (c),  gives  the  q^uantitj  which  ia  ii 
combination  with  other  or^anii  acids. 


15".  yfhea  the  soil  has  been  washed  with  disilU^d  water  afaboie  directed — 
it  ii!  to  be  treated  in  the -cold  wilh  diluted  murialic  acid — and  allowed  to  stand 
ivLih  occasional  stirring  for  13  houi's.  By  this  means  the  carbonates  of  lime, 
iiijsnesia,  and  iron,  and  the  phosphates  of  lime,  and  alumina,  are  dissolved — 
Ufilh  any  lime,  magnesia,  otidnof  iron,  or  alumina,  which  may  (lavB,  been  in 
combination,  with  organic  atnds.'  The  iron,  alumina,  and  phosphoric  acid  are 
to  be  precipitated  by  .ammonia,  the  iimo  hy  oinlate  of  ammonia,  and  aiich  other 
steps  taken  aa  may  be  necessary,  according  to  the  methods  already  described. 

\&'.  The  untUssolved  portion  may  now  be  treated  with  hot  concentrated 
muriatic,  kept  warm  and  occasionally  stirred  for  two  or  three  hours,  and  the 
solution  afterwards  evapomted  to  :dryness.  The  dry  matter  is  then  to  be 
moistened  with  a  few  drops  of  muriatic  acid,  and  subsequently  treated  wilh 
water.  What  remains  undissolved  is  silica,  wluch  must  be  collected,  on  a 
filter,  dried,  healed  w  ledness,  and  weighed. 

The  solution  may  contain  oxide  of  iron,  alumina,  lime,  magnesia,  potash, 
and  soda.  Any  of  the  four  last  substances,  which  maj'  be  detected  in  it,  have 
n!osl  probably  exisled  in  the  soil,  in  combination  witli  silica — in  the  state  of 

17°.  Bill  the  soil  may  still  contain,  alumins^  not  soluble  in  hot  muriulc  acid. 
To  ascertain  if  this  be  the  case,  and  to  separate  and  determine  this  portion  (^ 
the  alumina,  if  present,  eilherof  two  inetlioda  may  be  adopted. 

a.  The  reeidutd.soil  may  ha  drenclied  with  concentrated  sulphuric  acid  and 
heated  for  a  cODGiderable  time  till  the  sulphuric,  acid  is  nearly  all  driven  olf. 
On  treating  with  water,  and  adding  ammonia  to  the  filtered  solution,  alumina, 
;nt,  will  be  thrown  down.    If  any 
iviih  sulphuric 
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eJ,  till  on  treating  with  water  and  ammonia,  as  before,  no  more  alumina  ap- 

b.  Or  that  portion  of  the  soil  on  wMch  hot  muriatic  acid  refuses  to  act  raaj 
be  niiiedwith  twice  its  weight  of  carbonate  of  aoda,  and  heated  in  a  platinum 
crucibre  till  the  whole  is  completely  fused.  Tlie  mass  is  then  lo  t>s  treated  with 
diluted  muriatic  acid  till  everjr  thing  soluble  is  taken  ap,  the  JUtersd  solution 
evaporated  lo  dryness,  the  dry  mass  moistened  witi\  muriatic  acid,  and  agiun 
treated  with  water.  If  af\y  thing  is  left  undissolved  it  will  be  siiioa,  and  if  any 
alumina  be  contained  in  the  solution,  it  will  be  precipitated  by  ammorua,  and 
may  bs  collectad,  washed,  dried,  and  weighed,  as  already  described.  The  so- 
lution may  also  lie  tested  for  magoeeia,  and  if  any  be  present  it  may  be  sepa- 
rated by  the  ptoceas  already  ejcplained. 

The  former  of  these  two  methods  is  to  be  preferred  as  the  simpler,  though  it 
will  also  require  considerable  care  and  attention.  That  which  the  sulphuric  add 
leaves  behind  must  be  washed,  dried,  heated  to  redness,  and  weighed.  It  will  be 
found  to  consist  chiefly  of  quartz  sand,  and  finely  divided  siliceous  matter. 

The  accuracy  and  care  with  which  the  whole  of  these  processes  ■  have  been 
conducted  ia  tested  by  adding  together  the  weights  of  (he  several  substances 
that  have  been  separately  obtained.  If  this  sum  does  not  differ  more  than  one 
per  cent,  from  the  weight  of  the  soil  employed,  the  results  may  be  considered 
as  deserving  of  confidence.  One  of  the  points  in  which  a  beginner  ia  most 
likely  to  err,  is  in  the  washing  of  the  several  precipitates  he  eollects  upon  his 
filters.  Aa  this  is  a  tedious  operation,  he  is  very  Ukely  to  wash  them,  at  first, 
onlyimperfectiy,  and  thus  to  have  an  excess  of  weight  when  his  quantities  are 
added  together-i-whereas  a;small  loss  is  almost  unavoidable.  The  jireoipitatea 
should' always  bo  washed  with  diatjUed  water,  and  the  washing  continued  until 
a  drop  of  What  passes  through  leaves  no  stain  when  dried  upon  a  bit  of  glass. 


ACTION   OF   GYPallM.—CS'ee  pages  333-34.) 
In  the  text  I  have  slated  what  appear  to  me  the  most  probable  efiects.  which 
gypsum  is  fitted  to  produce  upon  llie  soil.     Some  of  the  numerous  opinionsthat 
have  been  entertained  upon  this  point  are  thus  summed  up  by  Hlubeck : — 

"  According  to  BoZZsier.  the  action  of  gypsum  depends  upon  thepowerpos- 
sesaed  by  lime  to  form  with  tiie  oxygen  and.carbon  of  the  atmosphere  compounds 
which  are  favourable  to  vegetation  ;  according  to  fiiscferi,  it  acts  like  any  other 
food ;  according  to  Mayer  and  Brovin,  it  merely  improves  the  physical  propep- 
(iesof  the  sail;  vrhile,  according  to  Rail,  it  is  an  esseutiat  constituent  of  thephint. 
Heiioig  caWeA  gypsum  the  sahva  and  gastric  juice  of  plants  i  Hiimioldl,  Cfir' 
tanfi;  and  Atliert  T^'uier  oonsidfered  it  as  a  stimulant  by  which  the  circulation 
of  plants  is  promoted ;  and  Ckapkii  ascribed  its  action  to  a  supposed  power  of 
supplying  water  and  liarbbnic  acid  to  plants.  Davy  regarded  it  as  an  essential 
ooostituenl  of  plants,  because  it  acts  only  wh(a^  gypsum  is  wanting  in  the  soii, 
while  otiier  ,£)nglish  agriculturists  have  supposed  it  lo  promote  fermentation  in 
the  soil,  Acoardina  to  l^jiieTuier,  it  acts  as  an  exciting  power  withont  mixing 
itself  with  the  sap  of  the  plant;  according  to  Ijiebl^,  it  fixes  the'ammoniaof  tlie 
atmosphere  ;  and,  according  to  Braconvst  and  Spreagd,  it  supplies  sulphur 
for  the  formation  of  the  leeumin  of  the  l^aminoua  plants  {the  most  probable 
view)." — BraSkntng  dei'  Pprnxin,  p.  70,  note. 

To  the  abo?e  extract  I  may  add,  that  Mr.  Cuthbert  Johnson,  so  long  known 
for  his  many  valuable  writings  upon  agriculture,  in  following  oitt  the  above  idea 
of  Roil  and  Davy  in  a  recent  paper  on  the  use  of  gypsum  (Jour.  pfJhe  RoW 
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Agr,  Society,  ii.,  p.  108.)  has  slated  that  a  crop  of  clover  or  SEimfoin  contains  H 
to  2  cwt.  of  gypsum  per  acre,  eiaotiy  the  quantity  wliicli  tiie  fhvmers  of  Kent  and 
Hampshire  find  it  useful  to  apply  to  theic  grass  lands  every  year.  This  state- 
^lil  afforda  a  vary  simple  explanation  of  the  use  of  gypaum,  and  one  which 
at  first  sight  leaves  notJiing.  to  be  deaived.  But  it  proves  too  much,  for  it 
supposEa  the  whole  of  tbe  gypsum  whipli  is  laid  upon  the  grass  or  clover 
■■  '  le  removed  year  by  year  in  tlie  crop,  and  makes  no  allowane^  either  for 


s  the  result  i^f  analysis  confirm  the  above  statement 

Bs  to  the  quantity  of  gypaum  contained  in  the  crop  of  clover  or  sainfoin.  By 
referring  to  page.33[l,'it  will  be  seen  that  lODO  Iba.  of  dry  hay  do  not  con- 
tain, on  on  average,  more  than  1  lbs.  of  salpliuric  acid— equal,  supposing  it  all 
to  be  in  combination  with  lime,  toS|  lbs.  of  gypaum.  Or  a  crop  of  li  ions  of 
hay.  contains  the  elements  of  abOut  30  lbs.  of  gypsum— only  about  a  sixth 
part  of  what  is  usually  added  as  a  top-dressing  to  the  land. 


In  the  text  (pp.  207  and  349.)  I  have  had  frequent  o«oaaions  to  refer  to  the  pre- . 
sence  in  the  SDif  of  the  ailicates  of  potash  and.  soda,  and  to  their  supposed  action 
in  aupplyiiig  silica  to  the  stems  of  the  grasses  and  of  the  corn-bearing  plants. 
It  would  be  intewstingin  a  theoretical  point  of  view,  to  ascei-taiUj  by  eiperi- 
nient,  more  fully  than  has  hitherto  been  done,  how  far  the  application  of  these 
substances  to  the  growing  Crops  would,  as  a  general  rule,  improve  or  otherwise 
affect  their  growth.  But  as  thoae  eiperimMWa  which  hare  already  been  made 
(page  34S),  afford  a  strong  preeiiinplion  in  favour  of  their  economical  value, 
i^  becomes  ^  matter  of  practical  interest  also  to  investigate  their  apparent  effects 
upon  each  of  our  cultivated  crops. 

These  experiiiients  are  placed  within  the  reach  of  the  practical  farmer  during 
(he  ensumg  season,  by  the  introduction  of  the  above  compounds  into  the 
market  at  a  reasonable  rate  (pa^  363).  I  therefore  aubjoin  a  few  sugges- 
tions for  ei:per]nients  with  these  silicates,  in  Ihe'hope  that  some  of  the  many 
zealous  and  intelligent  practical  men,  who  are  now  directing  their  attention  to 
the  applications  of  chemical  science  to  agriculture,  may  be  induced  to  enter 
upon  this  field  of  inquiry  during  the  ensuing  spring. 

1".  In  order  to  convey  silica  into  the  plant,  it  appears  to  be  chemically  indif- 
ferent wliether  the  silicate  of  potash  or  that  of  aoda  be  placed  within  reach  of 
its  r6ots.  But  as  the  silicate  of  soda  can  be  maniifactiired  very  much  cheaper 
than  that  of  potash,  it  is  desirable  above  all  to  try  the  effects  of  this  compound 
^upon  the  grasses  aiid  corn-bearing  plants  especially. 

3°.  But  !is  in  the  ashes  of  most  plants  potash  is  found  in  Wger  quantity  than 
goda,  it  iapassiiU  that  the  effect  of  the  silicate  of  potash  upon  some  soils  may 
be  so  much  greater  than  that  of  the  salt  of  aoda  as  to  counterbalance  the  dif- 
ference of  expense.  Hence  the  propriety  of  extended  trials  with  this  com- 
pound aJso.^ 

3°.  But  as  in  the  ashes  of  all  our  cultivated  plants  toUi  pntask  and  soda  are 
fbund,  it  may  be  that  a  niixture  of  the  two  silicates  ina.y  act  better  than  eitlier 
alone.  It  will  be  proper,  Iheretbre,  to  apply  such  a  mixture  in  different  pro- 
portions, and  tQ  compare  it  effects  wi^i  those  of  each  of  the  silicates  lai^ 
on'  wngly. 
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xperiments,  Aerefore,  would  be  as  folloil's: 

The  application  may  be  from  1  cwt.  to  IJ 
cvL  par  sci'e,  laid  on  ^  a  top-dressing  in 
moist  weather  early  in  the  spring.  Or  it 
may  be  mixed,  with  a  large  quantity  of  wa- 
ter, and  applied  with  a  Wttiar-cart.  In  either 
case  it  ^ught  to  be  it  the  slate  of  a  fine  powder. 

But  alUiOugh  tha  ibove  appUwuons  produce  a  bene- 
ficial effect  upon  the  crops,  it  Will  not  necessarily  follow 
that  the  silica,  which  toe  siliaiies  noMain,  has  had  any 
share  in  bringing  about  the  goodrcEulL  By  nmre  expo- 
sure to  the  air  for  a  length  of  time  the  polash  or  soda  of  those  siUcates  will  absorb 
cafbohJc  acid  from  the  atmospherej  and  be  convBMed  into  carl^onatea."  The 
same  will  lake  place  moire  rapidly  still  in  Che  soil,  where  carbonic  acid  abounds 
This  conversion  of  the.  alkidi  into  carbonate  will  set  free  a  la^  part  of  the 
BiliCB — in  a  state  it  is  true  in  which  it  is  in  some  degree  soluble  in  water  (pa^e 
206,1— but  in  whion,  neveillieless,  it  will  find  its  way  inlo  the  plant  wiih 
laxu^  moce.difficulty  thanif  ithad  remained  in  the  state  of  a  soluble  silicate. 

Now  BB  the  atiiifaales  of  potash  nnd  spda  are  known  to  promote  vegetation 
(page  338), — though  even  with  these,  sufficient  tritds  have  not  yet  been  made 
-—it  is  poaable,  as  I  have  remEU'ked  above,  that  a  good  effect  may  follow  the 


the  silicate^  and  yet  it  may  be  altogether  due  Ui 
carbonates  which  are  formed  by  theit  decomposition.    It  is  of  consequence  to 


appli 


j,  therefore,  which  it  would  be 


lioME  of  Crude 

■jUsh,  Polosb  c 

1  cwt  Pearlngb 

Ikaleor  ^''J'slslllM 


n  if  this  really  Jje  the  case,  becHuse  the  quantity  of  ci 
would  be  formed  by  the  decomposilion  of  the  ^licates  could  be 
at  one  half  of  theprice  at  whicli  the  silicates  can  as  vet  be  sold 

The  second  aeries  of.  comparative-  eiperlme 
interesUng  to  tfy,  would  be  such  as  the  following:  — 

~  —     The  quantities  here  indicated  are  by  tlie  acre — thai 

of  carbonate  of  soda  is  given  so^nt,  because  tiiia  salt 
contains  upwards  of  three-fifths  its  weight  of  watei'  (see 
'   p.  316.) 

Another  consideration  ought  not  here  to  he  omitted. 
Nature,  as  has  been  fi'equently  illustrated  in  the  lexf, 
feeds  her  plants  with  a  miiMre  of  many  difierent  sub- 
stances, and  by  the  aid  of  such  niixlures  Ihey  always 
Ihrive  the  best  The  full  benefit  of  the  silicates,  when 
applied  alone,  will  be  eipeiienced  only  when  evCry  oth- 
er ingi'edient  which  the  plant  i-equii'cs  is  already  present  in  the  soil,  and  In  suf- 
ficient abundance.  But  this  can  rarely  be  the  case.  Its  success  will  be  more 
sure,  (Jiereibre,  if  it  be  applied  in  a  state  of  misture  with  other  saline  substances 
which  aiB  known  to  be  more  or  less  useful  to  vegetation,  and  which  will  not, 
upon  admixture,  decompose  these  silicates.  Such  axe  common  salt  and  the 
sulphate  and  nitrate  of  soda. 

A  third  series  of  comparative  experiments,  therefore,  might.be  made,  in  which 
from  1  to  li  cwt  pef  acre  of  the  followii^  mixtures  might  be  applied--— I  °. 
Equal  weights  of  common  salt,  of  dri/  sulphate  of  soda,  of  nitrate  of  suila,  and 
of  silicaW  of  pfilash  ;  3°.  Equal  wei^ls  of  the  same  aubstancee,  omitting  the 
silicate  of.,potash;  3°.  "Equal  weights  of  common  salt,  otilnj  sulphate  of  soda, 
of  nitrate  of  potash,  arid  of  silicate  of  sflrfc;  and  4",  Equal  weightsof  the  same 
substances,  omitting  !he  silicate  of  soda,  or  substituting  carbonate  of  soda  in 

The  sulphate  of  magnesia  (Epsom  salts)  ot  of  lime  (gypsum)  can  not  be 
safely  used  along  whh  the  silicates,  as  the  magnesia  or  lima  they  contain  may 
decompose  the  ailicales— forming  sulphate  of  polash  or  soda  and  silicate  of 
magnesia  or  lime,  in  which  tlie  silica  is  insoluble,  and  could  not,  therefore,  until 
a  [iKthet.  chenucal  change  look  place,  find  its  way  into  the  roots  of  the  plant, 
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I  have  muchgralification  in  laying  before  my  readeia  th?  tesulls  oF  a  second 
year's  series  of  iipetimenta  .undertaken  in  consequence  of  su^esliona  tlirown 
out  in  previous  parts  of  liiis  Appendix,  or  Of  opinions  expresM3  in  the  body  of 
the  work.  It  is  one  of  the  numerous  good  results  which  have  followed  from  the 
issue  of  these  Lectui'es  in  a  periodical  Ibrm  that  I  have  the  pleasure  of  incorpo- 
iBling  in  the  same  volume  the  reiulls  of  eiperimenla  made  during  two  eucobs- 
sive  years.  No  one  who  studies  with  care  the  eiperiiflents  wbii^  follow,  and 
iha  ftw  remarice  I  have  appended  la  ihem^  will  hesitate  in  pronouncing  tliem  to 
be  as  a  whole  the  most  valuably  contributions  io  accarnte  experimental,  agricul- 
ture ever  hitherto  publidied.  The  reSolta  are  not  all  equally  important,  nof  ail 
equally  instrucUve,  hut  they  are  ihe  first  fVuils  of  a  new  line  of  research,  which 


will  laid,  us  hereafter  to  the  diaoovery  trfimporlant  general  tnilhs.  Thejf  show 
that  practicai  men  are  now  on  the  right  i-oad,  and — sm-eading  as  scientific  know- 
ledge now  is  among  the  agricultural  body — 1  trust  there  is  no  fear  of  their  her 


A.— EXPERIMENTS  ON  TURNIPS. 
1.   The  first  series  of  experiments  v/as  made  with  the  view  of  obtaining  an- 
swers to  these  two  questions : 
1°.   What  are  Ike  ■relative  sheets  (^  different  soline  suMtiaices  iiipon,  Vie  turnip  crap 

.nnder  the  same  dTcv/ntstances  7  and 
9°.  HmafaT  may  these  misiaaces  be  employed  alone  to  inpersede  farm-yard  numwre 

m  the  E«I(MTB  of  ^rtiips  ? 
Toraipa  anmn  in  Ssller's  Bog,— yield  furlow-dmined  and  Bnteoil  ploughed.    Manures  ap- 

filed  partly  In  drills  befiira  sowing  on  let  June,  and  partly  us  lop-dressiiig  on  ^h  July, 
34a,  The  .salt  and  nilrale  o{  sods  ^1  spnlisd  wore  dieaoluf  d  in  niter ;  the  oLhers  apullea 
dry.    Tie  quaMily  cf  land  oi each piot  was  me-lhirlsetUhcf  aa  acre. 
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The  foregoing  esperimenla  were  made  at  the  suggestion  of  Lord  Blantyre  on 
thehome  ferm,  at  Lennox  Love,  near  Haddington,  and  have  been  reported  to 
me,  at  Ma  Lordship's  request,  hy  Mr.  William  Goodlet,  under  whose  immedi- 
diate  superintendence  the  whole  were  conducted.  \ 

The  reader  will  not  suppose,  because  they  proved  what  are  commonly  called 
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failni-cs,  that  therefore  tlicy  are  of  no  value.  On  the  contrary,  tliey  so  far  solia- 
factorily  answer  the  questions  they  were  intended  lo  solve.    They  show  ' 

1°.  That  saline  maiiurea  in  that  locality  cannot  economically  talte  the  piacc 
of  farm-yard  manure,  even  for  a  single  season. 

3°.  That  saline  manures  are  even  hurtful  in  the  present  condition  of  the  land, 
when  employed  alone— producing  a  smaller  crop  than  if  no  manure  had  been 
applied  at  all,  and  some  of  them  m  a  remarkable  degree.  This  appears  to  be 
especially  the  case  wiihcommon  salt,  which  at  the  rate  of  Icwl.  an  acre  reduced 
the  crop  of  bulbs  nearly  to  one-half  of  what  was  yielded  by  the  unmanuned  por- 
tion of  Oie  Geld,  It  is  still  more  striking  that  nitrate  of  soda  applied  at  the  same 
rate  should  diminish  the  crop  though  in  a  less  degree  than  common  salt — arid 
that  soot  should  almost  bill  it  entirely,  and  that  IS  cwt.  of  rape-dust  per  acre 
should  produce  scarcely  any  effect.  In  regard  to  guano,  it  was  Mjplied  in  too 
small  quantity  to  do  all  the  good  of  which  it  was  capable  had  it  been  laid  on 
more  largely.  If  6  or  8  cwt.  instead  of  1  i  cwt  per  acre  had  been  used,the  crop 
would  probably  have  equalled  that  obtained  by  the  use  of  ferm-yard  manure. 

There  is  no  doubt  thal..to  the  eitreme  drought  of  the  season,  as  Mr.  Groodlet 
observes,  must  be  ascribed.the  injury  or  actual  lessening  of  ^e  crop,  in  this  case, 
by  the  use  of  saUne  manures.  The  drought  brings  up  the  saline  matters  to  the 
surface,  and  thus  enables  it  to  encrust,  and  weaken,  or  en^rely  kill,  the  growing 
plants.  The  want  of  rain  in  1843  was  much  more  felt  in  the  Eastern  part  rf 
Scotland  than  in  the  West,  where  the  greater  part  of  the  succeeding  experi- 
ments were  made,  and  where  occasional  showers  refreshed  the  land. 

One  other  observation  I  may  make.  Had  "the  saline  matters  been  niiied 
with  a  &ir  proportion  of  farm-yard  manure,  it  is  probable  that  even  on  this  field 
the  effects  would  have  been  very  different.  One  reason  for  this  ejq>ectalion  is, 
that  the  plants  being  kept  in  a  rapidly  growing  stole — partly  use  up,  and  even 
eagerly  appropriate,  a  large  por^on  of  the  saUne  matter  as  it  rises  to  the  surtaiie 
— and  by  tneir  strength  are  enabled  to  resist  the  injurious  action  of  any  excess, 
which  in  ordinary  oircumslanoBH  is.  Ukely  to  remain.  The  reader,  however, 
will  not  ask  why  the  experiments  were  not  bo  mader-for  he  lias  already  seen 
that  their  object  was  to  ascertain  the  effect  of  saline  manures  applied  alone. 
From  theu^  results,  however,  he  will  dvaw  tor  himself  the  important  practical 
rule,  that  ire  ordinaij  draimstaTices  it  is  vmsafe  to  trast  Ids  turnip  crop  U>  soBim 
.■manges  (dime — that  they  may  assist  the  action  of  farm-yard  or  other  similar 
mixed  manures,  but  cannot  supply  their  place.  But  upon  this  point  the  suo- 
ceeding  series  of  experiments  throw  much  further  light. 

II,  The  special  object  of  the  following  four  series  of  experiments  was  to  as 

1°.  The  reloMaie  effecls  ehiefiy  of  vario'us  mixed  marmres  vpim  several  jwrieties 
eftwrrdps;  and 

3°.  WieHsr  any  of  these  ■mixivires  could  aJene  be  eamomicaUy  iised  la  supersede 
farm-yard  maawe. 

They  were  made  at  the  home-farm  at  Barochan,  near  Paisley,  under  the 
direction  and  superintendence  of  Mr.  Fleming,  whose  excellent  experimenls, 
made  in  1841,  are  recorded  in  a  previous  part,  of  this  Appendix  (pp.  17  to  H4). 
Mr,  Fleming  describes  himself  as  much  indebted  to  his  overseer,  Mr.  Gardiner, 
without  the  aid  of  whose  zeal,  intelligence,  and  carelhl  superintendence,  so 
eroos  a  body  of  experiments  could  neither  have  been  made,,  nor  the  results 
ralely  ascertained. 


SWsd^sh  7W™i» ;  seed  sown  6[h  June,  bulbs  Lfted  asth  Nov.,  18*3, 
Remarks— Thelandisalightlosm.lodse  in  texlure.andof  aUihlbrown  colour.    Bub. 

nlpBeed'was  all  sown  upon  the  atme dav,  RaincaniBon  the  night  after  sowing,  and  In- 
consequence  [tie  crops  brairded  well,  and  came  away  elronz.  Those  which  show  tbe  great- 
est weight  in  the  Table  kept  [lie  lead  of  (be  others  all  (he  season.  The  numbers  of  Ihe 
fotB  in  (he  Table  are  placed  to'  Uie  order  In  which  Uiey  followed  each  other  on  the  gpjund, 
he  crop  wontil  probaW;  li»Te  been  larger  had  there  been  moreriilfl,  _  .,  l^itJOQ  K 
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UIH    .u^n.     4      all    ITU    v«       Vf  imiL      II     ^.MJIC      IIQW-I    UIQ    bU£  ld|W    ihall     Ihftt     dP pth,  U  WBB  a^Sllk 

lied  ovar  herore  aon  og  hilar  which  be  drJUi  nere  made  Dpim  the  Sal  BUrtecs  wilh  [hs 
al  Ihe  d  BlaoPB  of  SIlnEhaB  beiwera  flutn    lAe  ronuuTe  hdi*b  *h  ft»  JAa  A(i»il,snd  cc- 

n  iDd  coDUDDsd  to  tUlBlHULlheaahJune.itacoii^flniediv/lh'eBS^v^ndLnrrbrlgt^ 


ibg^tha  otiivrafiiraaeofbuOH  radBlragth  qf'jbtiagA.    Majij  of  Ibe  bulbs  wero 
II  .us.  lu  weiKhi,  ihoBewkhibBulLae  uid  slknllae  meniirw,  BUSb  bb  Nob.  8, 1 10,  uid  t^ 

eolAlyqfMbi.    ilo  llvaglarEer   o  size  both  of  bulbs  and  leaves,  bdlsonendilitbl  in 


J  sHi  aMuwed  B  miasriiebi«  diabreni 

'.bobefll6  atherv  far  9txe  of  bulbs  tmdBirenglh  of  'fi^iage'    Majij  l 

lbs.  ID  weiKhi ,  ihoBs  with  the  nllae  end  fXtiiWaa  meniirw,  susb  as  Nob.  S,  9, 10, 

.  __./, J  ^j  ,1^       jjj^  ^^  J  i^taertremarkaUe  '~  ^ 

%  lareer   o  size  both  of  bulbs  i 
n  >[J|I  bulbs  BS  had  also  Nos. 
P'uiti  Hiveu  ju  me  lauiu  uiaLDBte  ths  order  lu  wb  ohlbey  wero  i 
The  SoraeAnn  Art^^cuA  Ouam  ooiiBisted  of 

Cu'rm™C'\"E''Gy«iim  each         iH  p"'t  1^' '''f  "^s" 
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Sawing. 

2S 

iUBnurBS,  and  quanlirfes  applied  to 
Ibe  land  soku,  per  Scolch  acre. 

SB: 

of' 
rurnip. 

aTpMed. 

I 

Mayas. 

1  i 

Rapa-iiusl  6  ewL,  pumus  26  bushels 
Bqiio-doBf  12  buBhels,  Peat  ashes  6 

as 

20 
24 

Swedes. 
Do. 

Do! 
White. 

f.     8. 

i    16 
4    10 
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SHH^ES 

Fai  m-yard  dung  SB  Una  at  7s.,  Bones 

*  HuniuB  4I)buab!!T«if  ash^'  B  c^! 

inS^f  QuaS;'m^™<N^  IL^pVeV.) 

No.  i.  Eoii  li^htBT  than  No.  3: 'a  bad  braird,  and  Mrnips  long  oreprinstng  fur  want  of  n 
No.  5.  SoiUs  above;  loiurof  bnlrdlngin  eonaeUQenceofwanloriBio. 
No.  6.  Si>lla»abovai  and  UkeNo.  B,  gtlll  van  dr;  for  want  of  mn;  alatebiaird. 
No,  7,  Boll  ll«hteri  mlied  wUb  peat;  no  nln— bad  brajrd. 
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tcmber ;  and  when  checked  by  frost  in  Ihe  begiooiiie  of  November,  were  eUU  growing 
N.  B.— The  land  was  of  dlfl^rent  qoallties,  the  seed  also  so»n  at  diSerenl  times,  and  in 


pro  a  lice 


a  loss  ejpcnso  than  farm-yard 
ijperlniema  Iricri  bjmeona 

<?,  had  they  been  aovin  earlier. 


Gocgic 


[Appendix, 
\i  While  Globe  TuT- 


i 

„.„„-.,_„..., 

imperial 

AC>8. 

per 

i 

r,     balP    H 

60  bush. 

-£.  9.  d. 

Ihs, 
6300 

If 

TumbtiU's  linpi'Dved  Bgnes 

NanmlOuHiio 

SCWL 

6     E   0 

that  day ^Uie/  hroirded  qnickiy,  und  contlniud  lo  gra 
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HI.  The  object  of  the  two  following  series  of  eiperiments  was  the  same  aein 
those  of  Mr.  Fleming. 

1°,  Results  of  comparative  experiments  upon  Swedes  ani  other  Twmips  made 
on  ihe  home  farm  of  Mr.  AJejrander,  of  Soulhbar,  near  Paisley,  in  1843. 

The  soil  of  the  field  was  a  deep  loam,  with  a  slight  adiQiilure  of  peat — the 
Bubsoil  was  partly  a  light  elay  and  uarlly  a  sandy  gravel,  Il  was  thoroughly 
lile-drained  and  -subsoiled  to  the  depth  of  fourteen  inches. 
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KlndofManiirea. 

au^ntitj; 

Impsrlal 

Produce 
in  hulba 

airBDSs,soanmMa!,. 

32hu3h. 

24  tons, 
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came  BObulsd  with 
attribqte  .grehtly  to. 


;lpg  ftvourable,  they  , „ 

unTpB  JD  the  field  bfl»me  nObDlsd  with 
ha  nan'mUdewlnDlatlribalagretir 
>re  bs^tr  BBEti  snah  a  waigbtor  Rji 


uitltles 


Unij,1hi 


ough  II 


is%t^ScnU  °o  dTaiffl 


vhen  the  dung  WB3  oSBiEted  with  these  laanures,  parlieulaiiy  when  Tun^n^'Bi 
apptiedyl\\^  crt>pB afterwards  didnotappeartome  to  he  matorlalLy  aided. 

3°.  Result  of  ejperimenta  Upon  YeUaa  Tamips  made  hy  Mr.  Aleiandcr,  of 
Soudibar,  al.Wellwood  Farm,  Muitkii*,  Ayrshire,  1842, 

The  natureof  theaoil  on  which  the  experiments  were  made  wasreol^umed  moss 
(then  aboiil  3  Kel  deep),  havioga  clayey  subaoil,  but  which  had  been  Ihoroughlv 
drained  with  tiles  at  Meen  feet  apart.    The  Iteld  had  produfeS,  vHm  l^d  hay 


irops,  bul,  Bsfar  as  known,  had  never  been  previously  green-cropped.  The  whole 
jf  «  rwMived  the  Bame  labour,  prepflralory  lo  Bowing,  and  die  weadier  duriiig  the 
IS  giving  to  eaoh-experi 


ation  (■which  lasted  four  days)  w 
lual  chance.    The  period  of  ao' 


WHS  the  produce  of  the  farm,  and,  with  the  exceplion  of  the  foreign  guano,  all  the 
other  manures  applied  were  those'  manufaolui-eii  and  sold  by  Mr.  TuiTibull,  of 
Glasgow.    The  exieni  ofgTOimdfor  each  experimeiU inas one  acre,  Scotch memv/ie. 


No.      Kind  of  Manure, 

imperial 

rl'JI  Acre 

in  Biilbe 
ri^'Sfre 

Maiiore 

,     Parm-yaid  Dung 

Parin-yard  Dung 

la  IDIIB. 

r 

£.  9.    rl. 

24    " 

s.     d. 
3       3i 

6       7i 

B     FMm-ysrdDun^.;;. 
^-yurdpoflj.... 

4      mproved  Bones.... 
ilnlfidntCIuBno..... 

b     ^itlBcial  Ooaoo 

8     Juann :... 

IV.  Effect  of  Gyitsuiii  on  tke  Turnip  Crop. 

In  1841,  Mr.  Burnet  of  Gadgirth,  near  Ayr,  applied  a  top-drBsslng  of  gypsum 
to  part  of  a  field  of.  turnips,  and  found  Dial  il  ittariy  doubled  Ike  crop. 

InlSiS,  Mr.  Campbell,  ofCraigie,  in  the  same  neigjibourhood,  "dressed  a 
ill  acre  field,  with  tbe  exceplion  of  a  few  rows,  with  two  owt.  of  juiburned 
gypsum  per  acre.  The  crop  over  the  whole  was  excellent,  but  there  was  no 
perceptible  difference  between- the  dressed  and  the  undressed  part." 

How  are  these  diacoiilanl  results  to  be  reconciled  1  The  following  questions 
EOf  gesl-themBelves  as' worthy  of  investigation — 

1°.  Is  gypsum  reaih/  jfropUious  to  the  lii/mip  crop, — ami  lo  every  iiariety  oUke? 

2".  Are  the  unlike  results  above  obtained  to  bejiseribed  to  the  abundant  pte- 
senco,  in  the  one  case,  of  gypsum  in  the  soil,  or  in  the  manure  ploughed  in, 
and  its  absence  in  the  other — or  to  the  variety  of  turnip  cultivated  ?— or 

3",  Can  the  aea-spray  supply  gypsum  to  Mr,  Campbell's  estate,  which  is 
within  two  miles  of  the  coast,  while  it  is  less  bountiful  to  that  of  Mr,  Burnet, 
which  is  six  miles  inland  % 


B,— EXPERIMENTS  ON  POTATOES. 


S°.  Farm-yard  dung,  40cubic  yards  per  E 
3".  Do.,  top-dressed  afterwards  with  60  !b 
4°.  Do.,  top^lresaedwith  IGO  lbs.  sulphati 


""fSWgIc 


The  above  result  is  ftivouvable  to  guano, 
Buch  small  quantity;  but  why  did  tlie  salini 
it  because  of  the  drought  of  the  eeason,  or  v/i 


sring  that  it  was  applied  in 
res  prodace  no  effect — was 
cause  Mr.  Campbell's  land 
s  vicinity  to  the  seat  (see 
not  miworthy  of  repelition 


11.  Some  very  striking  results;  6blained  by  top-dreasing  potatoes  with  saline 
manures  on  a  small  scale,  were  described  by  Mr.  Fleming,  of  Barochan,  in 
1841,  and  are  recorded  in  the  preceding  part  of  this  Appendix  (p.  30).  The 
following  three  series  of  eipenmenla,  made  under  Ihe  direction  and  superin- 
tendence of  the  same  gentleman,  have  been  made  upon  a  larger  scale,  and  with 
Ihe  Tiew  of  throwing  Tight  upon  a  greater  number  of  interesting  points — 

The  object  of  ihs  first  series  was  to  ascertain  the  effect— 

1°.  Of  dijereitl  ndxed  maiwres,  wAe»  app^M  aJoiie  to  the  potato  crop, 

3°.  TM,r  relative  effects  on  differenl  vaneliet  ofpotala. 
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.2°.  The  object  of  ihe  two  following  aerieaof  experimenls  \ _ _._ 

1°;  TliBrolalive  effect  of  different  sai«i«  Sfiistesmes  applied  d'ong  V>Uk  farm-fard 
nmitwre'i  and — 3°.  Whether  the  effects  were  greater  when  mixed  with  Hie  vui- 
mai  at  the  time  of  planting,  or  when  subsequently  applied,  as  a  top~dremng,  to 
the  growing  plants. 

1°.  Result  of  Experiments  taiiks/iHne^uisia'accsin  lop-dn^sine  Eaily  American 
Potatoes.  Planted  18th  April,  (op-dressed  1st  June,  and  lifled  aSth  Sep- 
lember,  1843.  Low  Field,  Barocnan.  IVie  qua^iiy  of  land  ia  each  plot 
was  oTie-eiglitk  of  an  imperitU  acre. 
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remarknble  Iroai  Ihs  contrw  wtiiclj 
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and  ntallhy,  of  ^  dark  giaen  colour,  and  were  vt-,   

ttiey  preBsiiledtD.UiS9Uaa  wiety  of  Poialo-^plaofcd  Bloogslda  [ 

— lllai  tiatJ  not  bsah  drssMd  1ml  asaeon.    These  tosl  came  away  i ,_    ..,._.    .   . 

omrbriB  bol"  per  acre),  Vo8.  i!2,"?6,^"and  9"V^all  fiio -Mme  alfcl  In  allarfiSi  (he 

3=.  Results  of  Esperimentfl  with  different  saUne  )ttislancesi-  mixed  imih/artn- 
ijard  dung  at  the  time  of  planting,  in  growing  Early  American  Potatoes. 
Planted  39th  April,  and  lifted  31st  Avjgtisl,  1843.  TAe  gi«w«%  of  land  in 
each,  plot  was  one-eigAih  of  amimperiai  acre. 
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ItEnjuiEe.— The  eoU  upon  which  Ihe  abors  vera  inwn  w. 

i&tt,  and  which  had  lo  be  done  nrlth  tiie  maUpck.  il  being  lo , 

mia  cropped  Uiat  HanniilthpDlBtosiimanuTsd.wllhWeuMcyanls'of  compiiu  d 
cut  gniHHj  and  hal^roUan  JaaTeH.    ltwBfla£BJnlrsiichad  tQ  the  eama  depth  aaerll>fl 

pDlBtaaiwuUtladi  and  was  again  planted,  In  Iha  Bprlng  of  1813  wltE>  pc' 

"Wllh  80  ouMc  fArds  of  laintyam  dungi  mlzed  1|i '  ~ 
Tiie  potaloei  versplanted  nlUi  the  ipade,  at  Uia 
manura  being  pnl  In  tha  houdm  of.  tba  diUi,  Uia 
bU  mixed  (qgalhai  with  a  dung  Ibrk.  Tha  cut  IM 
op.  ABwammarkcdinTSa,  ffu  polaUattlthL. 
the  sfAira,'  oln  Tflw.  B  md  7  liwrs  aarttSr  rAon  Ma 
drUleib^ijrBtheoihereBU^Vu^at^Barc 
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irtvro  feat  beLwaen  the  diOle,  I 
n  hj  the  hand  above  II,  and  Ih 


LOSlly  soluble  sails,  biU  haidlj  a 
3".  The  fbllowing  experiments  were  made  with  the  vi 


if  of  determining  Ao!u 
far  SsWionicoi  witaiiwes  mighl  be  toads  to  supersede  fannryaTd  moKUTe  in  tlie 
groiBth,  of  potatoes , — 
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ItEKAHRa.— The  potHtai 


The  seveml  series  of  eiperimenta  made  upon  potaloea  by  Mr.  Fleming  are 
deserving  of  careful  consideralion,  and  many  of  them  of  judicloua  repeuuon. 
They  are  all  well  conlrived  or  devised,  and  each  series  skilfully  arrEinged. 

In  agricultural  experiments  it  is  of  the  greatest  poaaible  conseijuonce  that  the 
praciical  man  should  have  a  clear  and  definite  object  distinctly  in  view.  If  so, 
his  eiperimenls  may  he  signally  successful  in  his  own  estimation,  while,  eco- 
nomically considered,  ihey  may  be  total  feilures.  This,  as  we  have  seen,  was, 
to  a  certain  eitent,  the  case  with-the  first  aeries  of  eiroerimenlB  made  upon  Loid 
Blanlyit'a  farm,  as  above  detailed  (p.  4S).  The  applications  in  some  mstances 
lessened  the  crop,  but  the  result,  nevertheless,  threw  considerable  light  upon  the 
questions  which  the  trials  were  intended  to  solve. ' 

Jn  making  an  experiment,  the  practical  fermer  tuts  a  Jwestion  of  nature;— in 
arranging  the  form  and  details  of  his  experiment,  he  is  putting  together  the 
words  by  which  his  question  is  to  be  expressed.-  If  his  question  be  clearlypul, 
nature  will  give  him,  sooner  or  later,  a  clear  and  distinct  answer— if  .he  Kava 
skill  enough  In  nature's  langiiage  to  understand  what  she  has  said  to  him.  I 
say,  sooner  or  later,  for  it  may  be  sometimes .  necessary  to  repeat  the  question, 
either  because  something  has  intWT^ned  to  fireveiit  nature,  so  to  speak,  from 
hearing  his  question, — because  it  has  not  been  accurately  expressed — or  because 
something  in  the  seasons,  or  otherwise,  has  prevented  tier  answer  from  being 
clearly  understood — perhaps  from  being  heard  or,  read  at  all,  Cjrounistancaa 
may  even  prevent  the  answer  from  being  given  until  a  second  summer  come 
round,  when,  if  we  are  not  on  the  alert,  it  may  never  be  received  at  all. 

The  above  experiments,  as  well  as  those  which  follow,  form  an  excellent 
study  for  the  praciical  farmer  in  reference  to  this  mailer.  Eveiy  series  is  plan- 
ned with  a  view  to  a  given  end,  the  circumstances  are  carefully  noted  before, 
during,  and  at  the  close  of  eadi  of  the  several  trials,  and  the  answers  are  re- 
corded with  o  very  praiseworthy  degree  of  accuracy.  I  shall  place  together,  in 
one  view,  the  most  important  of  the  deductions  to  which  the  experiments  of 
1819  appear  to  have  led,  when  I  shall  have  laid  before  the  reader  the  whole  of 
the  tables  which  have  as  yet  been  placed  iu  my  hands. 

C— EXPERIMENTS  UPON  BARLEY, 

The  object  of  the  following  experiinenls,  also  made  by  Mr.  Fleming,  was  to 
ascertain  ihe  ■rdaOve  effect  of  different  SaHiK  sutetonxs,  when  a^ied,  as  top- 
dres^infS,  to  acrop'ofwhiie  ho^ley. 

The  results,  as  shown  in  the  last  column,  are  soffiriiendy  interesting. 
Results   of  Experiments  with  various  subslanc™  used  as  top-dressings  upon 

Barley  (common  white).     The  Barley   sown  •  14th  April,    top-dressed  6th 

May,  and  cut  down  25th  August,  thTHshed,  cleaned,  measured,  and  weighed 

5lh  October,  1843.     The  qaantUy-  of  iaiid  in.  each  plot  was  one-eight/i  of  oti 

imperial  iW*. 

~         " "■■       ■■   rafn  quality. 


iier  with  ivro  and  s  half  cwts.  of  Tilmbn11>s  BrflScM  gniuio  per' 
'eo  lAe  lim-i/racing  So.  3  In  the  tabia  of  axperiniHiIs,    The  bar- 

Mw^  escepfNo.'*,  wni^^mT'iiotiown  Ull  Oiemb,  M  which 
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Ds/tri/aro^  imd  w  cprHe^uencfl,  A  bitrnnd  t/itplatUs  of  vjhjehtAt!ydi4  no 
■  teaeon,  and  the  ^roDDd  iCoc  full  of  weeds  No  6  homed  the  plbiilB  also 
j^edqulcblj  and pve  a ^od  reitjm     J^foaeretaqrkvdb^re  icAerev^eonf 


jourerfl,  haf  iDg-flnf  and  trenched  a^out  il 
.couj^tA  rbr  ttiA  rr&quant  menrLon  or  vpade 

supe^or  To  trench  pioughlng  A.  F  GA&nmidH 

D  —EXPERIMENTS  UPON  OATS 
The  first  of  the  following  series  of  eipetimtnls  «as  mode  at  Lennox  Love. 


a  leouest  of  Lord  Blnntyie,  Iha  : 
r  Flerauie     The  general  objec 
rd/ltive  egect  of  diffeieril  sahiif  lu/istancei  applied  as  top-dressings  Kpim  yffim^ 


ofMr  I 


t  Earochan,  under  the  d 
The  general  object  of  boUi  was  the  same — to  aiattatn,  t/ie 

, ^j, ,   diffeieni  sahaif  su/istances  applied  as  top-dressings  v-pmii  younf 

oali,  butthoseofMr  Fleming  have,  beaideB,  Wespsomlflfoeri  o/'nsceriowiin^<Ai 
effect  ofceTUsmmialiuiies  v/pon  oals  iclieft  grmen  upon  laiT'Sy  land. 

ne  eiffktltqf/altmfSTUttoc, 
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i1en<tiari<i  Inohea,  iiBil  ■^eorUiBgranlHibmllbniiighLiipaainngUie  Dioas.  Thegniund 
bcliii  divided  [did  IdM  for  the  puipoBe,  Die  up  dreHJngs  Ngs.  2, 3,  and  6  were  sown  on  [be 
16Ui  April  andnllgbUj  hutnwedbi,  the dbu  vece  tbenainrn  sud  huirawed In.    \o.  I  was 

2  were  BO  Blrong  in  me  Blmw  as  JVm/s  umi  6, 4ort  o/i(*'cA  were  rWrfaiWe/ur  9[TB«-tA  and 
luxur/iuHw, egpfcfoUy  ^e.  S, lofticA^'  Ihelcad tf l!ie alliers alllhi ssasoiu 

E.— EXPERIMENTS  UPON  WHEAT. 

The  following  three  Experimems  upon  wheat  exhibit  Very  interesting  resultB ; 

1°.  The  first  aeries  woB  made  ontheliome  farm  of  Lord  Blnrityra  at  Lennox 
Love,  and  was  intended  to  ascertain  the  rdatiue  efais  ™  l^l  kaUHy  o/  difer- 
cnt,  c/iiefig  sajim,  mamaTes  a/^ilied  at  («p-dressings  to-  spring  wheat. 
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MsTr  crop  cm  Slih  Aneuat;  and  Ihrashed  lOlIi  September^  ]&.    'Tle^uanlfly^IiuHJm 
eoOiplet  mas  onAeiglUlio/ (in  imperial  acre. 
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RaiUKKa,— The  soil  is  alipaiyluaiD, incumbent  uponsdeepcla^.  The  whf al  was  sowr. 
althaendofNnireinlier,  ]S4l,alteiacrop  or  }Mow  lumlfiE,  The  lurnlps  were  man iii-ed 
with  ao  ions  oriown  dung  pec  acre.  Oivlns  lo  Ihe-BSTerlly  or  Iha  wliiler  oflMl  and  spring 
oriS42,[heplanlawer8ver/  Ihin.unoD  Ihsground.  In  AprllflBia,  Itwasaown  dnWnwllTi 
rtass  essda,  hairowej  and  rolled,  an«r  vhlch  tl  UUered  and  fradualjy  recoiered.  At  the 
flme  the  dressings  were  put  on  there  was  rain;  bnl  in  ganara]  U  lem  Ay  ieen(*er  after,  anrf 
irt  conaifiiena  tJiB  tpp-dreasin£a  did  not 'proAaeaUch  great  TEOdla  at  they  didin}^.  The 
field  WBa  esamlned  fi«ta  Ihue  tn  tltDe,  aitd  the  anpHianee.  of  eacb  expet^men^  aa  no^ed 

Ipo^er  la  thsearjandoradarter  gra^n  colnur  than  an7  of  ih«e(haFfi;  Tfo.  d  vsg  next,  end 
Wo.  iwasthird.  In  point  of  appearance  IharB-waa  In  the  othera  no  peroepIiBle  difftrenoe 
ftom  the«BDeral  crop,  except  Nn.  3,  which  appeared  id  have  checked  lie  growth  of  the 

ble  liiat  wherever  common  sail  was  applied  the  grain  was  heanier  per  bushel,  ii  miffs? 
obsereedt  wifA  iifferencs  to  the  e^t^Kriwenl  ujvm  irheat  gmon  en  this  loftd  last  ycarj  that  the 

— .j^^,.- r  _._„._  *„ji  '•odavsrygreat  sffsei^  and  weald  probably  have  also  beneJUted  tht 

■  not  beenjor  the  eztraordmory  drought  y  Uie  season  {^SKS  Appen^ 

3°.  The  object  of . the  third  series,  made  by  Mr.  Bumet,  of  Gadgirth,  nea. 
Ayr,  WHS  the  same  aa  those  of  Mr.  Fleming.  The  mixturfla  employed,  liow- 
ever,  were  different,  and  the  tiibiilated  results  are  at  least  equally  luterestin^ 
and  satisfactory. 

(Eclipse  variety),  EDWnSethOciob'en  1311,  and  reaped  16lh  August,  im    Theqiiaimii 

qflaad  in  eaehpbit  u>aa  one-Jatrth  qfan  ittqiaial  acre. 

The  soil  a  loam,  with  subsoil  of  cla;  r  Uledrained  and  trench-ploughed.    Hud  been  in 

afioTC  app^ Nations, 'harrowed  In  In  spring.  No!  6  at  a  coal  of  ia  4s.,  has  produced  Bn  in- 
creaaa  o>«  No.  I  of  £ft.  I9s.  Si.  taeing  Again  of  £i.  15a.  3d. 
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F.— EXPERIMENTS  UPON  PASTUEE.  AND  OTHER  GRASSBa 

I.  Eiperimeiils  made  by  Mr.  Alexander,  aH  Wellwood,  in  1343. 

A.    0»  cto'ps  of  ■aieados)  and  n/e  grass  /lay, 

l".  One  Scots  acre  of  wellrdrained  mossy  meadow,  ajid  full  of  timothy  grass, 
was  top-dreased  during  the  IftBt  week  of  April,  with  1  cwt.  iraprOTed  bqnea,  i 
cwt.  glauber  salts,  J  cwt  of  charcoal,  all  well  misad  with  ashes. ,  Reslt.t. — 
Crop  much  imprOTCd,  and  came  lo  180  AyraKire  stones  (of  34  lbs.)  pec  ncre. 
I  may  menlion  that  this  meadow  suffered  generally  much  from  the  severe 
drought;  the  above  kept  its  growth  best. 

2°.  One  Scots  acre  of  well-drained  inosBy  meadow,  flill  of  timothy  grass,  was 
top-dressed  during  the  last  week  of  April,  with  I  twl,  of.arfificial  guanoj  12 
bushels  of  humus,  well,  mixed  with  a  quantity  of  ashes.  Result.— Not  so 
good;  more  affected  by  drought;  crop  160  stones  per  acre  ;  the  rest  of  the  un- 
dreEsed  meadow  land,  on  an  average,  1*"  "' 

3°.  Threeajiresof^eOTE— ■- 

during.thela  ,     ,  .... 

bones,  I  cwL  of  charcoal,  all  miiad  with  a  quantity  of  ashes.  REantT. — i  <xm- 
not  pronounce  that  the  hay  on  Ihe  three  acres  was  increased  in  bulk;  the  crop, 
was  alight  one  on  the  whole  field,  owing  to  the  seyere  drought,  and  the  very 
dry  nalure  of  the  anil  [his  season,  therHore,  gave  this  experiment  no  Air  trial, 
I  would  say,  however,  that  I  have  rarely  seen  suCh  an  appcarfince  of  whilB 
clever  since  the  Imy  whs  cut,  and  particularly  on  the  dressed  land. 

09  (.;(K)glc 


56  F^Fi.B  'Wl'NTH    UPON    PiSTtCJE    QHAS^  JAj^ieTtdlj; 

B    0»  pasture  jrrass 

Three  years  old  lea.  The  eitont  2  acres3  loods '^eots  mpTUre  divided  i mo 
three  equal  puis  and  thu  aianujt.B  applied  dming  the  la*^!  week  of  Apiil 

Ro  1  Dressed  wiih  i  ewt  of  ammomacal  aalla  1  owl  ol  sulphite  of  sola 
(glauber  saUs) 

No  S    Diessed  with  J  owt  of  ammoiiiacal  sails,  Jowl,  of  ^lailber  sails,  i  c»t 

No  3  Dressed  with  J  owt  of  amtnoniaool  salts,  J  cwt  ofglaubei  aalla,  *  ov.t 
of  nitrate  of  ooda 

Rfsuith— No3  1,  3,  and  3  were  much  alike  in  all  the  thiee  eases  the  vege 
tation  was  quickened  and  impioi  ed ,  but,  a&  is  ain  lys  the  caae  wiLh  eii  n  i 
Taenia  on  paaiuie,  unless  the  callle  were  kept  off  foi  tlie  whole  season,  aiid  the 
produce  cut  it  is  noteaay  to  xayhow  fai  iJie  ibove  ^pplicatioi)  went  to  iinpiors 
the  grasa,  but  certainly  the  siii^l  field  did  wonders  for  it  pastured  fitleen  carl> 
calves  nearly  all  the  aeason 

II    The  following  carefully  conducted  senes  of  experiments  were  made  b\ 
Mr  Fleming,  of  Barochan  with  the  new  ol  detPrrnining  the  rplaiui'  effta  of 
salme  siibsto-ai.i's  upim  IJu.  weigbl  oj  Ike  hay  c»op,  on  the  Beld  wheie  the  ejtpeii 
mental  wheat  of  184 1  waa  giown  — 
Resull  at  Espsrimenla  tri'd  ution  Eovin  Gixsa  eul  for  Hut  on  SUth  lane  1842    Crook  a 

Fdrm    Vihcra   llie   Wlio^  gre^   in   lo4l     (See   ]irecedins  purl  of  Ihia  Ajpeodil   p    IJ 


CHOOHBFARK    B*RM,H*N 

1 

il 

w 

It 

1 

1*. 

fjj 

s 

1 

i-- 

i 

1 

i 

m 

nil 

Nothing 

11,360 

e    1  ^i 

Bu1phi,»  of  Boda 

IkimnodSalt 

6!^ 

10  %c 

•J 

IP? 

18100 
14  020 

b^O 

1 

m 

6    13    t 

;i 

767i 

13,120 
13110 

760'l9S 

i7eo22s 

282 

5      8    1 

9,5^0 

312 

■i 

r^mmon  S-Il 

.JLj 

796 

12,730 

^"'r 

E87 

6  13  a 

«[ 

nnnd°wU)i  Bq  »-dusl.  im 

i 

840 

15  040 

d<>8D3ai 

mi 

S    14    1 

Keharkb-Nib  I  2,3  4  5  sndS.vFEreall'lFeraedonlhe'HIiorAprli  the  wi<si  heri  n 

AprllMoi  SandlEbowedaD'lDiproieinentnverlheolheis.  We  Wh°avy  raliislhu  tir  i 
wsekofMay  andby  lhe7LhofM.y  «iei|llrat«o{sodi(No  3)  eoald  be  Been  M  a  dlatance  b, 
Ibe  allemllon  of  the  lurfiiur  to  darS  green,  and  tU-hctahl  aboTS  the  olhere  ddod  4haP  .1  i 
Mos,  t  and  2  Bliowed  no  vialhle  alteration  fromlb^ul.  tiaBed  No.'3.«ssih^  beat  of  any 
lallsr  and  of  a  clarh  ereen  qolnui  ^dlhlckerananleJ  Ifo  i  ^mBedmile  tr  Raall^atiiii 
Is  ceiour.iHti  uagjvl^  brngsr  than  ths  general  crpp«  aAdpretenled  tjte  rAmarioM!  appearance 
at  did  So  I  inbeingitei^aU  eeujiai.BBbn,tlilhliar^rm9Tyeg*aiii  aliiaagh  of  tlvi 
graai.vti  (Paainca  Rnbta)  nimeuainiin  IteSiM'haii^itateoanmniTpegraaa  Itm 
elhy  and  rat  timer  No  6dafl[Brlh»DNo  4  Inthe  colour  an^gonrt  biilKo  afiariHy  im 
prnved  Noa.  B  J  9  and  10  weradrBMad  Dpnllia7IfiofMp)'  Tlia>nenlnploiuihini,un 
the  Etubbleon^l  foond  lliw  the  ildgeivhlch  were  lop  drexaed  tllatiauDn  with  nBfate  af 
8odft,were  mure  difflguU  to  plough  Irom  the  Btrenglh  anddeplh  of  the  gtaas  roots,  than  tte 

Pn™o/V<m«res— SulpbalBorsoda,7s  percwl  NHrale  of  soda  f  I  im  cwt  Natu 
Wfinano,  263.  per  chI  Artiflclal  Guano,  3a  per  cwt.  BiUuite  oiPolaeh  or  Sol«bls Glaa=, 
Us-peicwu    Sulphate  of  Ammonia,  £1  percwt. 


m.    VIIL]  EXFERiMSHTS  UPON   MIIEC     CHOPS.  57 

G.— EXPERIMENTS  UPON  MIXED  CROPS, 

Tho  following  interasung  experiment  waa  made  by  Mr.  Aleiarder,  for  the 
purpose  of  ascertaining  iAe  «/erfw/-a  »iij;(»re  o/gjjjjum  amd  eiimmon  saii  upoH,  a 
mixid  crop  ofooJs,  beans,  ami  peat ; — 

ResuU  of'^n  ejperiment  upon  ihe  effect  of  gypsum  and  common  sail,  applied 
lis  n  top-dresaing  at  Wellwood,  Muirkirk,  iSla. 

Four  Scotch  acres  of  Blrong  soil;  bordering  on  clay,  broien  up  from  two-year- 
old  pasture,  were  sown  with  oata,  beanS,  and  peas  6''1"'5''  i^  called  in  Scotland 
(wos/item,  and  is  a  first-rate  fodder  for  dairy  slock).  T'hey  all  came  nrell  up,  but 
wotniing  and  other  causes  injured  the  crop  so  much  that  1  had  serious' intention 
□r  ploughing  it  up,  and  sowing  (umips.  Instead  of  doing  so,  I  top-dressed  tfia 
whole  ihug  acres  with  tVia  following  subalancea,  well-pounded  and  mixed  to- 
gether; and  this  being  done  immediately  before  copious  rains,  Ibe  raiituie  was 
washed  ii»tb  file  bbH  : — 13  owL  gypsum-  (from  Tornbull),  which,  with  carriage," 
cogl  8s. ;  i  owt.  Eomi^on  salt,  which,  with  carriage,  cost  Ba. ; — this  and  3ie 
gypaunl,  16s.    Cost  of  top-dresaing,  4b.  per  acre. 

The  effect  was  like  magic;  the  plants  immediately  assumed  a  deeper  green 
colour,  and  grew  wonderfully,  and  this  field  took  the  lead  of  aHmy  other  oats, 
and  when  reaped  the  field  generally  was  the  best  I  had.  Gats,  beans,  and  peas 
were  all  particularly  well  filled.  I  may  stale'  further,  ihat  after  the  dressing  it 
stood  the  severe  drought  heller  ihun  any  of  my  Other  crops.  Wellwood  is  23 
milea  fk)m  the  sea,  atid  550  feet  above  it. 

From  other  experiments  which  I  had  before  made,  but  which  I  shall  notliir- 
ther  enter  on  here,  I  am  convinced  that  common  salt  is  a  great  BU;(iliary  in  thai 
locality  (if  riot  to  most  others  distant  &om  the  sea),  and  it  ought  to  be  far  more 
extensively  used. 

H.— EXPERIMENTS  UPON  BEANS. 

The  following  experiments  were  made  by  Mr.  Alexander,  of  Southbar.  at  his 
farm  of  Wellwood.  in  Ayrshire,  with  the  viewof  asoerlaining  the  relative  uppa- 
rsml  effects  of  different  saline  top-dressings  upon  beana  at  different. periods  oj 
tkdr  growilli !—  . 

Eiperimenls  made  at  Wellwood  upon  a  crop  o(be/ms  (1843). 

The  ground  was  matiured,  previous  to  sowing,  with  15  tons  of  farm-yard 
dung  pel-  Scotch  acre,  and  the  other  manures. applied  when  iAe  hecms  were  eimii 
tioo  indies  Aig/t  {diey  were  sown  in  broad-cast).  The  extent  of  ground  was  3i 
acres  Scols  measure^  divided  into  four  ei^Uai  proportions. 

No.  1.  Dressed  with  S  cwl.  of  sulphate  of  sodft,  i  cwt.  of  nilra^  of  soda. 
Rrsdlt. — The  effect  of  the  dressing  waa  seen  soon  after  application,  by  deep- 
ening the  colour  of  the  .plants.  The  beans  were  defident  in  straw,  but  remark- 
ably well  podded  and  flljed. 

No.  3.  Dveased  with  4  ewt.  ofaulphate  of  soda,  1  cwl.  of  gypsuin.  Result. 
—More  straw  than  the  foregoing,  and  rather  better  crop. 

No.  3.  Dressed  with  j  cwt  improved  bones,  i  cwt.  artificial  guano,  3  bushels 
Turnbull's.  humus.    Rbsolt. — About  thasame  as  No.  I. 

No,  i.  At  first  not  dressed ;  but,  in  consequence  of  being  weakly,  was  afteiv 
wards  lop-dreSsed  with  3  cwl,  of  gypsum,  and  1  cwt,  ofcotOmon  salt,  done  in 
consequence  of  the  highly  beneficial  effect  produced  on  the  four  acres  of  mashlam 
crop  above  alluded  to,  S.Rsui.T.^rrT/iough  doite  so  laUthtU  Die  ieaiwwere  already 
coming  iiUii  jlieimr,  it  heipsd  them  »M«A,  and  Ihey-ended  aa  well  as  any  of  the 
above.  It  may  here  be  remarked,  that  all  tiie  heans  were,  particularly  for  that 
high  disttict,  heavy,  being  on  trial  soon  after  mowing  65  to  66  lbs.  per  busheL 
I.  (WserootMBj  upon  (A«  e^ctef  IAe  top-dressings  appSed  in  XSil  upon  l&e  crop 
0/1843. 

The  fbllowing  remarks  are  quite  as  interesting  as  any  thingoontained  in  the 
numerous  experiinenis  made  this  year  at  Barocheu  by  Mr.Fleming's  skiKiil 
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ovprseer.  They  are,  I  believe,  Ihefirst  sydemUic  series  of  observntiona  of  the 
Kind  yet  published.  They  are  Yaluoble,  tfietrfbtfe,  as  the  fixsi.  steps  in  the  line 
ol prolonged  obsarvations  upon  ^e  same  land  made  during  aucceasive  aeaaona, 
by  which  prolonged  obaervalions  only  can' we  hope  to  eliminate  the  eflect  of 
our  .variable  seasons,  nnd  to  arrive  atttue  deducdona  in  reffard  to  the  land  and 
amount  of  effect  which  this  or  that  manure  ia  filled  to  prodiioB. 

I  dohopeihal  Mci  Gardiner, .  who  la  capable  of  observing  so  well,  and  of 
eltperimentirig  so  accurately,  will  not  lose  ihe  opportunity  which  (he  prese.it 
year  will  afford  him  of  continuing  these  impottant  observauons: — 

1°.  Top-dressings  upon  hay,  Coveniea  iield  (see  Appendix,  p,  17),  On 
looking  oVer  this  field  at  different  times,  and  particulariy  ejirly  last  spring,  the 
aquare  on  which  nitrate  of  soda  and  bones  mixed  had  been  soWn  was  earlier, 
and  of  a  darker  green  colour,  than  any  of  the  rest  of  the  field,  and  when  stocked 
with  oatlle,  the  powion  top-dressed  was  move  relished,  and  oonsequendy  always 


.   .^  ^, .  jtthree-diffeient  times  with 

the  scythe,  and  eac^  time  it  came  up  steouger  and  thicker  than  the  suirounding 
grass,  whilst,  before  dressing,  it  was  the  weakest,  and  this  set^on,  1842,  it  is 
tetter,  and  the  portjon  dressed  still  easily  distinguished. 

3°,  The  field  at  Crook's  farm  (see  Appendix,  9.  171,  which  had  been  top- 
drassed  with  hitralB  of  soda  applied  on  each  alternate  ridge,  on  beingploughed  up 
from  hay  atubble  waa  found  tougher  jjpon  the  dressed  ridges,  the  grass  roots 
being  stronger  and  deepei-  in  the  soil  of  those  ridgea  which  had  been  dressed. 

4°.  At  p.  31  of  this  Appendii  an  experiment  upon  moas-oats  is  recorded. 
This  was  sown  down  with  a  mixture  of  grass  and  clover  seeds,  and  cut  for  hay 
this  season,  1843.  In  examining 'the  hay  crop  some  of  the.dressings  on  the  oats 
of  last  year  seemed  to  have  had  a  good  effect  on  the  hay  oropbf  this  year.     ■^'^-- 


I  and  3  were  the  worst  of  any;  No.  3  very  little  better,  rather  more  clover;  Ko. 
'lick  of  vedand' white  clovers  and  rye-erass,,a    '    '     ' 
better' than  No.  3)_but  ftr  fron 
lU  of  red  and  white  clovers  arid  rye-^ass, 
had  ihree-fonrtha  more  hay  upon  it  than  all  the  others,  excBpi.Ho..4 ;  Tlo.  7  not 


4  excellent,  very  thjek  of  red  and' White  clovers  and  rye-grass,  and  the  hay  w 
ofasood  quality;  No.  6  a  littl6  better' than  No.  3j- but  ftr  from  being  equa! 
;  No.  6  the  best  of  any,  fiiU  of  red  and  white  clovers  aridrye-^ass,  1 


better  than  the  undressed;  Nos.  6  and  4  presented  a  most  remarkable  appearance 
compared  with  the  others,  and  any  person  seeing  them,  and  not  knowing  ihe 
circumstances  ofthecase,  would  have  said  that  these  (wo  portions  only  had 
been  cultivated,  whilst  the  resthad  been  lefiin  a  state  ofnalure.  After  being 
cot  for  hay,  the  aflerraath  of  (heae  (wo  portions  still  presented  the  same  difference 
of  appearance  in  the  sward,  and  Ihey-continue  of  a  better  colour. 

A.  P.  Gabdinbk, 


However  valuable  the  above  experiments  may  be,  and  however  interesting 
the  resulls  to  which  some  df  them  may  appear  to  lead,  it  is  of  irapoi'lance  to 
bear  in  inind — 

1°.  That  they  are  the  results  only  of  a  ivingle  season;  aOd  that  a  remarkably 

3°.  That  they  show  the  effect  of  the  substances  elnployed  in  certain  localities 
only — the  localides  differing  in  the  nature  of  their  soiWin  their  distance  from, 
and  height  above,  the  sea — and  in  the  average  fiiU  of  rain  to  irfiich  they  are 

3°.  Tliat  the  results  are  obtained  by  trials  upon  certain  varktiei  of  each  crop 
only,  and  may  not  be  obtained  even  on  the  same  spots  with  other  varieties — of 
turnips  for  example,  of  potatoes,  oaca,  wheat,  or  barley. 

4°.  And  that  other  causes,  not  yet  noted,  may  have  existed  of  ^i^cientic- 


No.  vni.\ 

fiuenco  to  prevent  ihe  exact  resulls  from.being  oblEUjicd  upon  a  repetition  of  the 

5°.  Aboveall,  it  must  bs.boijiein  nlind  that  we  are  yet  in  the  first  infancy  of 
accurate  enperiinental  ^rioulture — that  it  will  lake  many  careful  repetitions  of 
our  eipentnants  before  we  csA  eliminate  the  effects  of  the  aeasons — of  the  alti- 
tude of  our  Guma,  llieiT  distance  from  the  sea,  the  falls  of  rain  to  which  they 
are  subject,  and,  the  kipd  of  aoil  of  which  theyoonsist.  In  the  mean  time  out 
most  careful  deductions  must  be  considered  as  partial  only,  and  as  opm  to  doubi 
-:-aa  fects  by  the  combination  and  eompariaon  of  which  we' are  hereafter  to  ar- 
rive at  more  general  truths. 

With  these  preliminary  obseciafions,  I  turn  to  the  experiments  themselves — 
A.-7-^7Re  experimenis  upon  tamifs. 

"nie  first  series,  those  of  Lord  Blantyrs — exeejittlie  general  answer  that  saline 
^ititdncES  ainaot  replace  farm-vard  •matntre — afiord  no  very  salislactory  results. 
I'hey  exhibit,  indeed,  some  striking  drcumstances — such  as 

1°.  That  lOO.lbs.  of  salt  per  acre  may,  in  a  dry  season,  ceJuce  the  natural  or 
unaided  produce  of  turnips  one-half— 'end  that  the  same  weightof  nitrate  of  aoda 
may  reduce  it  one-finirlli. 

3°.  That'in  sudja  season  as  much  as  16  owt  of  rape-duet  per  acre  may  be 
applied,  one-half  drilled  in,  and  one- half  as  a  top-dressing,  scitfonifyroiiuciiyr  iw(j) 
se^isibte  tenefii. 

2°.  That  the  same  may  be  [he  case,  if  ejghlcwt,  of  rape-dust  be  drilled  in, 
and  half  a  cwt  of  nitrate  of  soda  be  aftei-wards  applied  as  a  top-dressing — 
while  if  the  same  weight  of  common  salt  be  used  as  a  top-dressing  instead, 
the  crop  will  be  increased  one-hal£ 

The^e  results  ai^e  too  anomalous  to  tie  considered  far  the  present  as  more  tha^ 
aeoidentaL  They  may  possibly  be  ej^ained  either  by  tha  different  degrees  rt 
moiBture  of  ihe  aeTBralparla  of  ,llie,6eld  in  which-tha  mirturesjwere  applied— 
or  on  the.  suppoution,  which  is  very  probiible,  that  in  tlie  concentrated .  state 
soiiie  of  ihett  ^dias saistemxi  art  more'li/BHhil  ia  Oie  growine  planl  than  atkers. 
U  is  to  be  regretted  that  ihe 'season  >aB  so' linpropilious  to  this  series  of  experi- 
ments; for  {hough  the  following  experim^ta  of  Mr.  Fleming  afford  soine  valuable 
iiiformatipn, '  further  knowledge  still  is  wanted  in  regard  lo  the  reiatihe  effeiis  oj 
di;ffsteiit  ttUine  siMtmces  vpm  CAs  growth  of-  Immips,  where  no  fermentible  ma- 

4''.  In  tAese  experiments'^  a  atriM^  coDtrAst  is  presented  between  the  effects 
of  rape-dust  and  those  trf"  guano.  16  owt.  per'  acre  of  the  former  gsve  only  3} 
tons  of  turnip  bijlba,' while  3  cwt.  per  acre  of  the  latter  gave  &  tons..  It  appears, 
therefore,  that  ra.ps-dwsJ  reyirim  -moist  VKoihtr  or  eceasioiial  ram,  i«4ite  guano, 
evcit  in'vej'y  dnj  seasom,iBi^ prodita! a cfimideraMe  effect.  This-is  toi'  '  '  -  '■' 
what  we  know  of  the  employment  of  the  latter  substance  as  a  ma 
arid  plains  of  Peru. 

II.  The  neit  four  series  of  eipeiiments,  those  of  Mr.  Fleming,  a: 
suits  and  suggestions, 

1°.  lAmiis  of  error, — The  first  observation  which  a  careliit  exa 

yn  will  lead  the  reader  to  make — and  it  appears  to  "-  ""  '""  "  ' " 
_._e  in  reference  to  all  future  experiments  of  this  kin 
cond  series — those  upon  eajriy  yeUov!  l/tamigs,  p.  44. 

In  this  series  there  are  influded  two  plots  (Nos,  5  and  18),  upon  which  no 
manure  was  used.  Upon  one  of  these  the  produce  amounted  to  13  tons  l!7cwt., 
upon  the  other  to  11  tons  S  cwt.  only — being  a  difference  of  Ij  tons,  or  one- 
eighlh  of  the  whole.  This  difference  between  two  equal  portions  of  the  same 
field,  apparently  similar  in  soil,  could  scarcely,  I  liiiiit,  have  been  anticipated, 
and  it  shews  that-— wiere  1M  produce  obtained  by  tlie  appUealiio'ii  of  im>e  umliie 
manieres,  lo  tfiis  tvmili  crop,  does  not  differ  more  than  J  J  '<"''  P^  "^^i  ^^  effects 
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of  the  two  mdnures  -may  be  considered  as  piacticaliyegiial^-siact  (his  amount  of 
mfference  may  )iB.ve  arisen  from  the  unlilie  qualities  of  the  two  plots  of  laiid,  Co 
which  the  manures  were  respectively  applied. 

This  is  ah  important  praetical  rule  for  enablms  "*  to  judge  accurately  in 
regard  tothe'lrue  effect  of  the  several  tn an ures  employed  in  the  series  of  eiperi- 
meritB  ^p,  41)  j«ferred  to,  but  the  tact  itself  sug^ts  also  an  important  modiG- 
-cation  in. the  mode  of  conducting  all  similar  comparaUve  experiments  in  future. 
In  my  jjreTiously  published  Stiggestibns,  I  hare  recommended  the  setting 
apart  cfaiCe  undrewied  poftjon  only  of  the  field  on  whidR  Uie  trials  were  made — 
considering  that  the  produce  of  this  portion  would  represent  the  average  fertility- 
of.the  whole  iindressedpart  of  the  field.  Bnt  these  experiments  of  Mr.  Flam- 
ing seem  to  shew  that  this  opinion  cannot  safely  be  eiitert^ned.  It  appears  to 
be  necessary,  therefhre,  in  all  future  exparinie^s  from  which  accurate  deduc- 
tions are  intended  to  be  draWn-7-Mat  fuw  w|/!i^e)llitd plels,  ai  leant,  sioidd,  in  eiuA 
case,  be  wxasuTed  oui,  and  Iheir  rrfo/ilie  prailiux  aicerlained,  in  order  to  afford  a 
trust-worthy  average  of  the  unaided  fertility  of  the  land. 

.Su^estion  I, — For  the  clearing  up  of  this  point,  however,  it  would  fee  very 
desirable  to  institute  a  aeries  of  weighings  of  the  produce  of  equal  portions  of 
land,  in  seyeral  different  parts  of  the  same  field,  Uie  whole  of  which  (i^a  been 
tilled  and  mrinured  in  the  same  way.  This  would  throw  some  certain  and  eat^ 
isSictoty  light  upon  the  amonnt  of  varialion  which,  from  natural .  caosea,  may 
lake  place  in  the  same  crop,  grown  upon  different  parts  of  the  same  field,  and 
under  the  same  eircumstanoes.  yfi>  should  thus  be  enabled  to  allow  for  the 
influence  of  natural  causes  upon' the  results  bf  such  experiments  as  are  made, 
with -the  view  of  determining  the  trae  action  of  the  different  manures  we  apply. 
Suggesliim  II. — But  if  some  sli^tdiffereiice  in  the  soil,  which  tbe  eye  cannot 
detect,  be  capable  of  materially  aSeeting  the  natural  produce  of.the  tmmanured 
'  "  field,  it  may  also  ba  sufBeieirt  to  mdd^ — that  is,  to  increase  orito 
e  effects  produced  by  the  saline  and  olheF  manures  we  apply  to  the 
umcrniiijiarts  bf  the  same  field.  It  BUMiests  itaelt  thei^ore,  as  the  moreprur 
dent  and  wary  eburse  of  experiment  to  cSesfl  two  plots  at  least  with  each  of  the 
manures  whose  relative  virtues  we  are  desirous  of  testing,  and  these  in  different 
parts  of  tlie  piece  of  land  upon  whidi  oar  trials  are  made.  The  mean  produce, 
of  the  two  or  more  plots  we  thus  dress,  compared  with  the  mean  produce  Of 
those.lo  which.nodreaaing  has  been  g^ven,  will  indicate  more  nearly  the. avei^ 
age  effept  of  the  manure  we  have  been  trying,  upon  the  given  soil  and  crop. 

The  reader  will  perceive  in  the  new  precaiitions  thus  indicated,  one  of^thoae- 
practical  results. which  year  by  year  will  necessarily  flow  ftom  the  continuation 
of  the  train  of  inductive  experimental  lesearch,  now,  I  hope,  fdrly  entered  upon 
by  the.practical  a^cuhupe  of  our  "country. 

2°,  Gnono.-^Among  the  other  experiments  upon  turnips  here  stated,  those 
upon  guano  are  the  most  practically  successful.    Thus,  per  acre,  without  any 
fiirm-yard  manure 
3   cwl.  of  guano  alone  gave  S3  tons   8  est.  oS  Smedes         .        .        (p.  44)- 
5   cwt.  of  euario  with       (no,         o    „«     r\^    7    ir  11  /_  jii 

20  bushels  of  wood-ashes  S  ^ '""^  1  owl.  oi -Early  YeU^  .  (p.  44). 
5    cwt.  of  guano  alone  32  tons  15  cwl.  of  R^ite  Gtoira 

3i  cwt.  do.  20  tons    H  avU-ofYeOt/iB^  WhHeiaiveih 

3)- cwt.  do.  38  tons   ^  ml.  oi  Pw^-topped  Y^ima  .( 

These  results  aje  very  gratifying,  since  they  seem  Jo  shew  Ihattbr  the  turnip 
crop  this  light  and  port^le  manure  may  be  siibs^tiiteil  with  safety  for  &rm- 
yard  dung-  But  Ihey  are.  more  gratifyiVig  in  connection  with  the  large  reduction 
which  has  lately  taken' pl&cc  in  the  price  of  this  Eubstaiice.  In  none  of  ihe 
cases  above  mentioned  did  the  quantity  applied'  enceed  5  tons  per  acre.  This 
quantity  may  now  be  purchased  for  three  guineas,  though  when  these  experi- 
ments were  undertaken  it  coat^  5s. 

It  is  no  small  matter  of  congratiilaUon,  tha,  >hi3  important  reduction  has  been 
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mainly  brought  about  by  the  eipreesion  of  scientific  opinion,  and  by  the  readi" 
nesa  with- whicti  rariouE  persona,  manure-manufacturere  and  olhers,  liave  put 
in  pracljce.  Ihe  suggeBtioDS  contained  in  Ibe ^pweedin^  ^efn  of  this  Appendi): 
(p,  26),  for  ttae  iMmadon  of  an  artificial  miztuni  in  itmtation  of  the  natural 
guano.  The  fear  of  oantpetition  Jirodupeil  its  nataral  sfied  upon  ths  market, 
Hjid  led  the  unportera  uf  this  saba'tance  to  content  themselves  ivifli  a  amAller 
profit.  It  is  to  be  hoped  that  the  more  extended  sale  which  has  followed  the 
^8docljon,>iT!l  leave  the  spirited  merchHTils  who  firet  brought  it  into  the  country 
no  reason  lo  regroltlie  dimiitnlion  itl  price.  The  ben^ts  which  the  praclietU 
a^iculttirist  derives  froin .  one  Such  reduction  as  diis  are /not  all  at  first 
sight  percentible.  The  demand. for  guano  has  so  greatly  le^ened  the  call  for 
mp»-du3t,  tliat  it  has  also  fallen  in  priee  from  £S-u>  £5  lOi  }>«■  ton.  Thus 
ramified  and  extended  are  the  ivautts-of  a  single  cbemicBl.  investigation — or  tha 
publication  of  a  single  well-founded  scientific  opinion. 

'  3°.  Arlifidal  Guafu.-r-ln  ooMiection'with  this  subject  it  isimportant  to  as- 
certain  to  wtutt  extent  the  attempts  to  manufii^tijre  a  substitute  for  the  natural 
guano  hsTe"  been  attended  with  success — in  soferaa  the  turnip  crop  is  concern- 
ed. The  only  comparative  results  which  the  above  experiments  present,  are  the 
following — those  upon  Swedes  being  obtained  by  the  uso  of  3  cwt,  of  each 
mixture,  thOse  qpouthe  yellow  aild  white  turnips  by  the  use  of  5  cwt.  of  each: — 

BwerteB.  Early  Yellow.  While  Glohs. 

I  °.  Nothing  ...         .     ISlonsBowt    19  ions  17  cwt.    —tons  — cwt, 

3°.  Natural  guano  .  .  S3  "  fl  "  32  "  2  "-33'.'  15  " 
3°.  Barochan  artificial  guano  n  "14  "  24  '-'  2  "  33  "  10  " 
4°.  Tumbull's  artificial  gu^no  14    "11    "      31    "      4   "      —    "   —   " 

These  results  show  that,  when  equal  quantities  are.  employed;  equal  results 
are  not  obtained  fronl  tlie  natural  guimo..  and  from  the  artificial  mixtures. 
It  also  appears  that  Mr.  Flemings  imxture  is,maelf -more  efficacious  than  thr^ 
of, Mr.  "rapnliulL  They-.afe  mside  up;  with  some  modifications,  after  ^he  reeip 
pven  in  the  preceding  pMt  of  this  Appendix  (p,  Ki),  but  are,  iai  doubt,  suscep 
tible  of  iniproveinenL  It  is;  indeed;  one  of  the  indirect  benefits  which  will  re- 
sult from  the  introductionof  thisforei^  maftura,  that  it  will  stimulate  to  expe- 
riments,  by  which  we  slitdl,  no  doubt,  at  last  sueceasTuliy  imitate  it-rand  will 
lead,  at  tii^  same  time,  to  a  more  generul  and' thorough  understanding  of  the 
principles  upon  wliich'  inixed  manures  ought  to  be  compounded,  and  of  the 
mode -of  preparing  ibem  with  the  i^eatest  poBsible  ec<)noiny.  Many  crude  mix- 
tureainay  be  ina4e  at  first,  by  dealers  in  manni^juid  others,'  nnd  many  instan- 
ees  qf  want  of  success  may  occiqr,  but  now  that  we  have  luifi^M  (He  system  of 
tecotz/in^  resiills,  ^hflier  apparaUly  succeiifiir  m-^tie  contrary,  there  is  Utile  fear 
aftiiir  arriviaf!  at  saHsfacbmi  and  ectnumnall  tnWistd  last^ 

^iggeslimi.JlT. — In  expeninents  made  ft(r  the  puippseof  aiding  the  real  ad- 
vance-of  scientffio  agriculture,  I  would  snggesl  Ui_/il  no  mixtiire  shmiM  tensed  uf 
whidt  the  coinposUiiinis  not  exadbi  tnmim, — which,  therefore,  has  not  been  either 
made  by  ibe  experimenter  hima^or  by  some  dealer  upon  whose  honor  perfect 
reliance  is  to  be  plaaed.  -The  use  of  Iherandom  mixtures  now  sold  under  so 
Iiiany  different  nanjea^  boweirar  snccessnfi  they  may  he  in  this  or  that  case,  can 
never  lead  to .  the^  discovery  of  useM  agricoltuipl  principles,  and,  iherefoce,  htb 
unworthy  of  (he  attention,  of  the  cultivator  of  indiictiBf^expenmenlalaf^iailtiKre. 

4".  'iSWp^fe  5^  amjiWJitffi.-J-These  (eihailiB  lead  me  to  notice  the"  efiect  ascrib- 
ed in  Mr.  Flemfng^s  second  table  (p.  44),  to  snlphale  of  amrfionla — One  cwt, 
of  *hic!i  oeariy'do(ibW  the  crop,  ,  Thus— 

The  unmanu'rcd  soil  gave         .         .         12t,M»3l7cwt 
Witji  1  cwt,  qf  sulphate  of  nmmonia        34    "     II     " 

This  is  exactly  equal  lo  the  effbel  produced  by  I5cwt.of  lapp-dustata  cost  of 
.fiS  lOe.-  But  .die  sulphate  of  ammonia  here  employed  was  that  pi^paied  by 
the  Messrs.  Ttinjbull,  oEGIasgow — s^ich  is  not  merely  sulphate  of  ammonia, 
bt)l  a  s/iriaile  /md  i/itdeiermiaed  nUcrjiuTe.    It  is  prefk^ued  from  urine,  and  I  be- 


a;>h,3Ic 


lieTe  is  contaminated  also  'iuith  a  considerable  proportion  of  ealine  substances 
.  artificial  I  y  added  to  it.  That  il  conl^ins  many  substances  oseflilio  plants  there 
CRn  be  no  doubt,  and  that  it  may  prove  a  vtduable  manure,  is  exceedingly ']ffo- 
bftble,  but  wuler  its  present  navie  it  can  only  lead  to  false  deductions  lii  expe- 
rinientai  agriciilture — and  (be  use  of  it,  therefore,  in  comparative  Uiels.such  as 
these  we  are  now  discussing,  ought  la  be  avoided.  Il  js  only,  as  i  haVe  already 
wud,  from  the  uaeof  pure  aubslances' mixed  in  known  priiportipns,  that  valua- 
ble, because  undoubted,  conclusions  can  be  drawn.  It  is^n  vain  io  attempt  to 
eUminate  the  effects  of  diversity  of  soil  and  climate,  if  new  causes  of  divclsity 
are  introduced  by  the  very  substances  with  which  our  experiments  ara  made, 

5°.  BoJKi  dh^lved  in  flim^nfe  acid. — The  ac^on  of  boi\BE  is  not  in  general 
exhausted  in  a.  single  season.  If  they  are  in  the' state  of  fine  dust,  they  decom- 
pose more  quickly  and  cease  to  act  in  a  shorter  ^ace  Of  time.  By  dividing 
tii«jn  still  more  minutely,  or  by'solullnn  in  aii  acid,  it  has  been  ihousht  iha.t 

.  tables 


BojK-dusi. 


Swede  Turnips         .        .        .        14.17       —    —       —    —        18    11 
Wiiite  Don  Potsloes  —    —         9    15        13    15        —    —  ■ 

These  restdts  the  only  ones  contained  in  our  tables  which  cun  be  compared 
together  are  both  greatly  in  fevoui  of  the  dissolved  bonea  in  so  feras  the  lotioh 
lipon  the  ;S! '/ crop  is  concerned  It  will  requ  re  longer  observation  to  delCr- 
mme  in  whi  h  form  the  sHme  weight  ot  bones  will  produce  tlie  moie  lasung 
effsots — and  wiH  be  the  more  economical  on  Ihe  whole. 

t>°  Nifrate  iifscida~~-Tbe  effect  of  I  ewt  of  this  a^t  per  acre  npon  the  early, 
yellow  turn  p  is  very  remarltable  (p  44)  having;  given  upwards  of  27  ions  of 
bulbs  at  a  cost  of  a 

eiander  '  In  the  text  (Lecture  XV   i.   . .  _      ,         . 

tished  results  hitherto  obtained  by  the  use  of  nitiale  uf  soda  w  II  be  found  in 

tabulated  form 

1°  Iaim  --An  mtei^tmg  result  in  Mr  Fleming  s  first  table  may  hereaflfer 
lead  to  some  aatisfictory  e(|p«^me!iiflJ  determinationa  of  the  points  oonsidei^ 
sld!  doubtful  in  regtu^  to  the  form  in  which  and  the  time  when  lime  may 
be  moat  efficaciously  apphedj  in  reterence  to  the  culture  of  particular  crops  He 
caused  carbonate  of  lime  and  causl  c  (newly  tlaked!)  I  me  to  be  sown  m  the 
drills  without  manure  and  Iba  effect  upon  the  crop  of  Swedes  was  as  follows; 
So  1  unma  lured  13  tons  'i  cwt 

Carbonate  of  lime  30  bushels  lb  II 

Caiatjc  lime  50  bushels  it  8 

The  immediate  effects  of  lime  applied  in  these  two  forms  was  very  different — 
the  caustic  lime  lessened  the  tunup  crop  While  the  carbonate  increased  it  by 
4i  tons  This  effect  moat  pTobablv  arose  from  the  hme  m  its  caostto  stale, 
tatmg  from  the  soil  the  carbonic  and  other  oi^amc  acids  ftom  whidi  the  roots 
in  llie  eariy  infency  of  ihe  plant  would  have  derived  a  portion  of  their  nourish- 
ment, and  thus  le.tarding  and  stunting  then  growth.  At  all  events  the  eiperi-. 
ment  seems  to  indicate  that  lime  ou^t  to  be  m  the  stale  of  carbonater^lhe  miU 
stale — more  or  leas  entirely,  if  it  is'  mtended  to  benefit  the  crop  lo  which  il  is 
immediately  applied.-  When  mijrad  with  maniure,  however,  where  vegetable 
matter  abounds  in  the  soil.  Or  where  the  lime  is  merely  harrowed  into  the  suiv 
race— in  all  which  cases  it  will  readily  become^  in  a  great  measure,  saturated 
With  carbonic'aoid — the  skilful  tanner  will  understand  that  the  deduction  drawn 
from  the  preceding  experiment  will  not  apply. 


No.  VW.] 

S°.  Rape-:htS':~  The  results  oshibiled  in  this  sreai^'sexperimeiila,  generally, 
are  not  sn  favourable  to  the  employment  of  this  substance  aa  was  to  be  eipet*- 
ei  The  reaaon,  howaTer,  is,  probably,  that  which  has  already  been  soggasted" 
in  disciissing  the  results  obtoaned  at  Lenrioi  Love — ^Ihat  rape-dust  regaires  a 
vtoistsoilor  oa^asiimiii  s/ujukts.  Butthisilsetf  isaii  impoitant  jn-ofiaSle  ijeducljon. 
The  reader  will  find  a  oompaiative  view  of  the  whole  of  Uie  results  with  this 
substance  in  the  text  (see  Lecture  XVII.) 

9°.  Aimial  Charcoai. — The  effect  of  animal  charcoal,  apon  Swedea  in  Mr. 
Fleming's  experiments  is  only  inferior  to  that  of  guano.  It  is  certainly  deserv- 
ing of  fuithei'  trials',  and  eapecLally  in  comparison  with  what  is  called  exhJijtSted 
animal  'charcOBl — that  which  has  altaady  been  used  in  tho  refining  of  sugar. 
In  Prance,  the  lattej  is  said  to  ha  preferred  to  the  former,  and  to  be  sold  by  the 
sugar  refiners  at  a  higher  price  than  they  pay  for  it  in.tba  recently  prepared 

,  10°.  Olher  mixeii  vuximres.^-ln  regard  to  other  mixed  manures,  the  reader 
will  6nd  much  practical  informauon  by  the  study  especially  of  No.  3  of  Mr. 
Fleming's  tables,  p.  4^  ;  and  of  Nos.  I  and  2  of  those  of  Mr.  Alexander;  p.  4fi. 
These  are  the  mora  worthy  of  the  atlantion  of  the-practical  man,  since  Mr.  Fleni- 
mg  considers  himself  jusqfied  in  lemarking  as  the  general  result  of  the  experi- 
tnanfs  in  p.  45,  Hal  aiajof  Uis  mh^ires-  i^eSwiU  in  Ms  laiid  produce  am  ave- 
rage crop  of  tianips  at  a  l^  evpe^ise  tkan  JmTnryard  mawiw?.  This  is  the  kind 
of  reeuU  which  it  ou^it  tobe  the  ambition  of  every  practical  man  to  work  out 
for  himself  Dpon  his  own  land. 

1 1".  S«e  and  loeighi  of  hiibs. — There  remains  only  one  other  topic  in  con- 
nection with  these  experiments  (o  which  space  will  permit  me  at  present  to  ad- 
vert. In  the  retnarlta  upon  the  tablo  inserted  in  p.  44,  it  is  slated  that  the  tur- 
nips on  the  plots  dressed  with — 

Guano  and  wood-ashes — mere  pre-eminent  for  size  ofbii3bs. 

Sulphate  of  aminonia^-irarg-e  in  buib,  but  sift,  lend  li^htin 

Potash  and  time,  salt  and  lime,  sulphate  of  magnesia,  ni 
hilniliijbidJiirmaad'soUd.    ' 

Bone-dust  and  tha  ortifioittl  guanas — both  coiitMning  bones — the  biiUs  firm 
ani  solid,  but  «ol  rimicflcaile  in  size. 

Now  upon  the.  solidity  of  the  bnlb — other  t]iings  being  equal — it  may  be  pre- 
sumed that  the  relative  nourishing  properties  of  different  species  of  turnip  will 
materially  depend.  The  quantity  of  water  which  different  apscimens  of  the 
same  variety  of  turnip  contain  varies  from  79  to  91  par  cent. — that  is,  lame  tw- 
nips  df  thesaa^  spedes  amk^  enl^  foar-MUa,  vikiie  etkers  antiain  vpwards  of 
nme-hnSu  oftheirwsiffhl  of  lonfer.  In  other  words,  the  same  variety  of  tamip 
may  contain  such  iinliks  quantities  of  watei',  that  3  tons  grown  on  one  spot 
may  not-contain  more  than  1  ton  growo  in  another.  Tile  w^U  of  bidbs,  there- 
fore, is  no  Bsfe  criterion  of  the  quantity  of  fiJod  raised  on  different  parla  of  the 
same  field — where  llie  general  treatment,  or  the  substances  applied  to  aid  the 
growth,  have  been  different. 

Now  in  the  above  experiments  the  guano  gave  33  tons  of  venj  Mrge,  the  sul- 
pliale  ofammonis  34  of  so/JS,  and  the  mtra(e  of  soda97ofsmaiiand  iiZid  bulbs. 
It  is  probable,  therefore,  mat.  the  actual  qiu^ntity  of  food  raised  by  the  aid  of  the 
nluale  of  soda  was  much  greater  than  even  by  the  natural  guano.  It  may  also 
have  been  that  the  Hi  tons  of  solid  bulbs  given  by  the  smphate  of  magnesia, 
or  the  13i  raised  from  the  land  without  raanure  at  all,  may  have  contained  as 
much  nutriment  as  the  S4  tons  of  w^ .bulbs  raised  by  the  sulphate  of  ammonia. 

SagsEstion  IV. — The. bare  possibility  of  sucli  a  ciicumElanoe  as  the  IeisI, 
shows  how  little  absolute  confidence  we  can  place  in  the  numerical  issults  as 
yet  obtained,  amsiileredas  evidenxs  of  .the  greaiBr  or  less  amount  of  food,  which 
the  use  of  this  or  that  kind  of  manure  will  enable  us  to  raise  from  a  given  ex- 
lent  of  land.  !t  suggests,  also,  the  necessity  of  a  further  determination  of  the 
I elative' quantity  of  water  contained  in  our  axperimenial  turnip  crops.  This 
will,  without  difficulty,  be  effected  by  selecting  three  or  four  lurnipspr  diffetall.. 
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siiea  fi'om  each  sEunple— cutting  a  slice  from  either  side,  and  one  from  the  mid- 
die  of  each  turnip — weighing  the  whole — drying  them  then,  first  in  ^e  air, 
aflerwardabeforea  gentle  fire,  iindlasdy  in  an  oven  ao  hot  as  not  to  brown  white 
paper  or  dry  floor,  Eind  then  weighing.  The  losa  being  the  weight  of  ^e  water 
in  the  tumipB,  will  enable  the  experimenter  to  determine  (he  relative  quantities 
of  Ibod  raised  upon  hie  different  plots,  and  therefore  the  relative  value  of  hi.^ 
different  appUcBlions  or  methods  of  culture. 

In  this  su^eation  the  reaclet  will  parceive  another  of  those  precautions  irhjc;! 
the  pTOTeculjon  of  our  eitperimantal  inquiries  renders  necessary — future  years 
will  auggeal  others-^but  the  increase  M  trouble  will  not  deter  Ihe  zealous  la- 
bourer in  (his  important  iicid — tbr  the  more  precautions  and  difficulties  multiply, 
the  greater  the  honoiu-  will  be  to  thoss  who  by  perseverance  shall  succesBtully 

B. — The  Expei-imetiis  iipon  Polalees. 
Nearly  ciil  the  experiments  in  tlie  first  table  of  results  (p.  48)  were  mede  with 

l"'  Chiaao  ami  Tupe-dvsl. — Among  these  tlie  effect  of  guano  is  again  striking, 
and  upon  two  of  the  varieties  greatly  exceeds  that  of  rape-dus^  Thus,  the  pro- 
duce of  the  three  varieiias  tried  was — 

Unaided  aoU  .  .  .  ■?  tons  1  c'wt  6  tons  15  'cwl.  5  tons  !5  owt, 
■Wilh3cwt.giiano,  .  18  "  9  '■  _  "  _  "  _  "  _  " 
With  4  cwt.  guano.  .-  "-  —  "  14  "  6  "  13  "  14  " 
With  1  ton  of  rape-dust.  13  "  6  "  10  "  0  "  13  "  0  " 
.  We  are  not  enflbSed,  by  the  eiperiraenta  before  us,  to  compare  its  effect  with 
that  of  farm-yard  manure. 

A  curious  question  suggests,  jlself  upon  tlie  inspection  of  the  above  numbers 
— one  which  could  scarcely  ha.ve  arisen  in  ourTninds,  had  not  differences  such 
as.  the  above  presented  themselves  among  Ihe  lesulta  of  our  siperiments. 
Nothing  is  more  common  than  to  ask  which  of  several  varieUes  cd' potato  is  the 
more  proliflc^-and  a  practicdl  man  who  has  made  ^e  trial  ha«  no  difficulty  in 
giving  an  immediate  answer  to  the  question.  But-lhe  experiments  of  Mr.  Flem- 
mg  seem  to  say  that  lAe  rclaiiBe  weight  of  eroji  yielded  by  each  oflico  nc  ir.i/re  va- 
rieties of  folato,  depends  Jipim  t/ii  tiiay  in  whici  ymi  freaf  cr  womure  tAeuu'  With 
one  treatment  a  variety  (A),  With  another  a  varie^  (B),  will  give  the'heaviesl 
crop.    Thus,  our  three  varieties  gave  with— ^ 

Natural  guano    ,     18  tons    9  cwl.       14  tons    6  cwt,        13  tons  14  cwt. 

Ropeniust  .        .    13    "      6  ''  ifi    "    ,  0    "  13    "      0    '■ 

Both  substaneea  agree  in  saying  that  the  iMts  is  considerably  more  prolific 
than  the  re/i  Don.  But  while  the  gunno  adds  that  both  D/mS  are  more  prolific 
tfian  the  Clips,  the  rape-dust  pronounces  the  latter  variety  to  be  superior  to  either 
of  the  former.  -  Now  it  may  have  happened  tliatin  the  last  case  of  the  three,  the 
rape-duat,  frorn  sortie  circumstance  not  noticed,  may  have  acted  better  than  In 
the  oilier  two  cases,  and  that  in  this  way  the  discordance  maj  have  arisen.  Un- 
fortunatel)^  however,  there  are"  upon  record  no  other,  experunents  made  upon 
any  two  of  the  varieties  of  potatp^  with  other  substances  used' in  like  proponlon 
— by  which  thia  question  might  have  been  iii  some  measure  solved.  But  the 
interesting,  and  as  it  may  hereafter  prove,  important  inquiry  suggests  itaelf— 
ViltiU  is  ihe  srder  of  f  Native  prediictiBeness  ofthesmeral  POTUHes  of&  same  ciO,li- 
vaied  plant;  lu/iett  tieyare  seaeroRv  dresSed  or  mamired  wit&.tAis'or  idtli  that  sji/i- 
slimce?  This  tjuestion  will,  no  doubt,  hereaflei^  lead  to  extended  series  of  very 
refined  experimental  inquiries,  from  which  not  only  much  knowledge  but  much 
pracdcal  benefit  may  be  derived. 

Suggestiim  V. — It  may  be,  for  instance,  that  a  given  variety  of  potato,  turnip, 
ea^  beilBy,  &c,  is  more  valuable  as 'food,  more  agreeii.3le  to  th.e  taste,  or  bringa 


ing,  out  an  imporiani  economical  queaijon  to  ask— n^uld  tliia  variety  Ije  render- 
ed mora  productive  by  a  different  mode  of  ireatment-^ne  espedally  adapted  to 
its  own  nature  1  Would  (he  practical  man  not  i-ejoice  to  think  that  such  a  result 
could  be  brought  about  by  the  aid  and  auggeelions  of  science  1  Yet  this  is  the 
result  to  wliicli  tlje  relined  aeries  of  experimBnts  au^ested  by  the  qusEUon 
oboi-e  proposed  may  possibly  lead. 

May  I  venlurelo  hope  that  some  ofm)  more  ECaloua  reftders  will  be  induced, 
during  the  present  or  succeeding- sumnier,  to  make  trials  of  the  relative  effects 
of  the  same  saline  or  other  known  substances  and  mixtures,  upon  different  varfe- 
ties  of  the  same' crop^i^of  potatoes,  turnips,  wheat,  &c.,iii  circumstances  other- 
wise equal,  in  some  such  form  as  the  fbllowing  : 

Vmielf  A.         Varidy  B.  Vanelj/  C.        Vitridy  D.  Varidy  E. 

l\.To-    ^\^\''-    «."i'"    ». |.T«-     iiB.'iT 

The  reanlts  if  eor^ully  ascertained  are  sure. to  lead  to  good,  if  (hey  should 
(lot  be  Kuocessful  at  once  in  solving  the  problem  above  proposed. 

.1°.  Soli^iy  and  size  nf  ike  ■poiaioes. — Nothing  is  said  in  the  observation  of 
Mr.  Fleming;  or  his  overseer,  in  regard  to  the  size  or  solidity  of  the  different 
varieties  of  potato/or  of  the  diffecwitsariiples.of  the  same  variety  on  which  the 
eiperiments  were  made.  Yet  in  connection  with  the  rennarka  1  have  already 
offered  upon  these  qualities  of  the  iiimip,  it  is  proper  to  add  that  the  potato  Is 
subject  to  similar  variations  in  the  proportion  of  water  it  contains— and,  there- 
fore, in  the  relative  amount  of  nourishment  iiapable  of  being  afforded  by  equal 
weights  of  its  different  varieties. 

Some  pfltaloes  contain  leas  than  70,  otiiers  upwards  of  80  per  cenL  Of  water, 
so  that  while  100  tons  of  one  sample  will  give  only  30  tons  of  nourishment,  the 
eanie  weight  of  another  will.  give,30  tons,  or  one  half  more.  In  general,  such 
as  grow  on  heavy  or  clay  soils,  or  such  as  are  less  ripe,,  contain  lb?  most,  while 
those  which  have  been  planted  upon  aandy  spots,  or  are  fuUy  ripe,  contain  tha 
least  water.  But  the  effect  produced  by  differejit  soils  we  begin  now  lo 
Gee  may  be  produced  by  different  methods  of  dressing  or  media^ag  our  Mopa 

^a^estion  VI.— It  would  be  interesting  to  determine,  therefore,  by  actual 
expefiment,  the  relative  proportions  of  water  contained  in  the  produce  of  the 
neveral  eipeiimenlal  patches  of  po^to  ground  upon  the  same  field,  when 
equally  ripe,  or  when  dug  up  on  the  same  day.  This  would  afford  us  the 
means  of  approximating  still  more  closely  to  the  true  eamomicni  action  of  oar 
different  manures  upon  the  potato  crop.  It  may  turn  out  that  in  certain  cases 
tlie  increase  of  produce,  as  indicated  by  a  giealer  weight,  is  only  apparent, 
while  the  increased  amount  of  food  raised  may^  in  other  cases  be  considerable, 
tliough  the  balance  indicates  no  increase. of  weight. 

Did  we  know  the  relative  proportions  of  water  in  the  several  samples  of-the 
three  varieties  of  potato  raised  by  Mr.  Fleming  by  the  aid  of  guano,  and  of 
rapedust,  already  compared  togetlier,  our  conclusion  in  regard  to  their  relative 

froduclivenesa,  when  treated  by  either  substance,  might  be  materially  .altered, 
hope,  therefore,  that  this  point  also  will  hersailer  arreal  the  attention  of  some 
of  our  expfHimentalista. 

.  4°.  Peiwwient  ^ects  of  saline  vusnm-es  on  the  fuim-e  prodltciiveiiess  of  the 
seed. — Recommenmng  lo  my  practice  readersa  careful  consideration  ot  tha 
effects  of  an  admixture  of  wood-ashes  with  the  several  dressings  applied  to  the 
turnip  and  potato  crop,  1  pass  on  to  the  two  following:  series  of  esperiments 
with  saline  manures  upon  the  potato  6rop,' as  given  on  p.  49.  These  two  series 
are  well  conceived,  and  the  result;  lery  instructive.  Of  these  results  tha  one 
which  seems  to  me  most  deserving  ^  tlie  attention  of  the  practical  man  is  cOn- 
...     .CtOOJ^Ic 


lainBdin  a  few  words  tTinist  in  as  il  were  nmong  the  remaika  appended  lo  the 
lablo  (1",  p.  419  )  In  Uie  Uler  pnnted  copies  I  have  caused  thpiii  to  be  f  '  " 
italics,  with  the  view  of  bnngirg  them  into  notice      If  the  reader  will  :arn 


table  (1",  p.  419  )  In  tlie  Uler  pnnted  copies  I  have  caused  thpni  to  be  put  m 
-'laiics,  with  the  view  of  bnngirg  them  into  notice  If  the  reader  will  :arn  to  p 
!0  of  this  Appendix,  he  will  finu  a  remarkable  e^penrtieni  recorded  in  'vhich, 


by  tbp-dreasine  Well  manmed  potatoes,  wilh  a  mixture  of  i  of  mtiale  and  J  of 
sulphate  of  soda,  the  enormous  nop  ot  30  tons  an  aci'e  wa^  obtained  from  the 
small  plot  eipenmentedupon  Seme  of  Ihese  potatoes  were  kept  for  seed,  and 
planted  alongside  of  others  of  ^  sams  Tsnety,  which  had  not  been  so  diessed, 
and  the  ceault  la  staled  in  the  few  words  above  referred  to — "  These  last,  wwler 
Us  same  keaimsiU  m,  even)  respeei,  did  not  produce  so  good  a'^opby  \b  bolh  (3j 
tons)  jjw  acre  " 

In  so  iar,  therefore,  as  this  espenment  is  to  be  relied  upon — for  we  muse  nol 
bs  haslf  in  drawing  general  conclusjoos— it  appears  Oiat  the  benefit  to  be  de 
rived  from  a  skilfiil  treatment  of  ihe  polato  plant  doe^  not  terminate  with  the 

riter  immediaffl  crop  wa  reap,  but  eilerds  alao  into  future  years,  unproting 
seed  and  rendering  its  afteivculture  more  produotive 

'SvggeUiim  ril—Thia  idea  la  woi-lji  pursuing  were  it  only  for  the  purpose 
of  mailing  out  the  possible  exisCenfee  of  «o  important  a  physiological  law — how 
much,  more  when  it  appears  so  pregnant  with  important  practical  results  But 
thus  it  is  in  all  cases,  IJiat  the  prosecution  of  expenmenlal  Teaearch,  Willi  inr 
mediate  reference  either  to  purely  scientific  or  to  purely  practical  reaolta,  ends 
in  improving  and  benefitting  both  abstract  science  and  economical  praetice 

I  am  unwilling  to  follow  out  or  to  reason  upon  this  possible  law,  as  if  it 
■were  realty  established ;  but  the  possibility  of  its  truth  appears  to  throw  light, 
upon  such  questions  as  this — why  the  seed  must  occasionally  be  changed  if 
lai^  crops  are  to  be  continually  reaped.  One  soil  may  be  adapted  to  ^ive  the 
plant  a  large  supply  of  this  or  that  substance  in.  which  the  other'soil  is  com- 
pnrativdy  deficient ;  and  it  maybe  possible  to  medicate  our  seed-corn,  white 
growing,  so  MS  tfrgiVeit  the  quafities 'Which  at  present  it  can  acquire  only  by'a 
diange  of  soit.    '     , 

All  this,  however,  can  be  only  determined  by  eiperiment,  and  Ifie  intelligent 
Teadeir  wiU  netfhit  to  be  struck  with  th^remarbabterichnessof  these  first  trials, 
in  AUggeatians  for  iiilare  carefully  ccAdoeted  experinieQtat  researches. 

5°.  Ho»  simildseMne  maiuays ie' applied' ta  tii potato  crop? — Ought  Ihej"  to 
be.mixed  with  the  manure,  orto  be  nppHedaa  a' top-dressing?  Mr.  Fleming's 
.Bxperimonta  do  not/uZ/^  solve  this  question  ;  because  the  soil  on  his  two  AeMs 
was'very  unlike  in  quality.  Thiis  with  manure  alone  the  one  field  produced  . 
12  Ions  15  cwt,,  the  other  only  g  tons  17  ewt  per  acre.  A  perftcUy  Batisfacloiy 
aohitiort  ofthe  question  eanhe  obtained,  gnly  by  experiment  with  Hie  same  sub' 
jstances,  upon  the  same  soil,  and  with  the  samfl  variety  of  potato.  Yet  the  experi- 
ments now  before  us  add  considerably  to  our  knowledge  upon  this  point,  and 
such  of  them  as- are  capable  of  being  compared  together  are  much  in/avojo- 
of  mimiglhe  aaUne  StdisUmccs  loHA  the  maimire.  Thus  applied  in  nearly 
equal  proportions  by  both  methods,  nitrate  of  soda,  sulphate  of  tnagiiesia,  and 
sulphate  of  ammonia,  gave  the  foDowing  results  :— 


Manurealone 13       15  8     17 

Nitrate  of  soda Hi        0  12      7 

Bulphale  of  magnesia     ....     13         5  117 

Sulphate  of  ammonia      ....    14      10  13      7 

The^oparli/mate  increase,  therofijre,  in  these  three  cases,  is  greatly  in  fevour 
of  miiing  with  the  manure,  but  something  may  depend  upon  the  soil  and 
season  |  ood,  therefore,  other  experiments  are  necessary  before  we  can  draw  a 
general  conolusicin.  It  may  prove  that  some  act  bettsr  when  applied  in  the  one 
way,  and  some  in  the  other, 

C";  SiUjtaleef  soda. — "With  this  substance  applied  in  cither  way,  the  tlngu- 
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Inr  and  consistent  teEult  was  oblaioed  ,lhat  3  cwt.  per  acre  caused  no  alteration 
wliaiever  in  the  loeJ^U  of  the  produce  upon  eilherof  the  two  onwhioh  the  tnaia 
were  made.    Of  the  leBpective  quaHties  of  the  crops  nothing  is  stated. 

7°.  Stdpiiate  leWi  miraie  of  soda. — The  aboTe  result  with  sulphate  of  soda 
done,  is  the  moieremarkable  fTonithe  known  effect  produced  by  this  and  oOier 
sulphates  when  mixed  with,  nitrate  lif  soda.  This  yeea,  also,  the  mixture  of 
nitrate  -with  sulphate  of  soda  added  one-half  (S  tons  per  acre)  to  the  crop,  a 
gicater  proportionate  increase  even  than  in  the  experimflnt  of  1841,  which  gave 
an  increase  of  8  tons  out,  of  a  total  produce  of  30  tons  per  acre.  But  this 
season  Mr.  Flaming  has  tried,  with  still  greater  success,  a  mixture  of  1  cwt. 
each  of  sulphsite  of  magnesia  and  nitrate  of  soda,  the  produce  riaing  by  the  use 
of  this  top-dressing  to  22i  tons.  The  relative  effects  of  the  two  sulphates 
would  hase  been  more  clearly  proved,  had  ^  proportions  of  nitrate  of  soda 
cpplied  per  acre  in  the  two  mixtures  been  the  same. 

8°.  NiliraUs.  of  soda  and  pMasA. — Another  interesting  ftict  to  add  to  those 
alrerdy  registered  upon  the  relative  efficiency  of  these  two  saline  eubstances,  is 
presented  in  page  49.    One,  hundred  weight  and  a  half  of— 

Nitrate  of  soda  gave 16    tons. 

Nitrate  of  potash  gave 18i  tons. 

This  difference  may  have  been  due  to  accidental  causes— -or  the  J8j  tons  of 
the  one  result  may  have  contained  no  more  food  than  the  16  tons  of  the  other; 
but  the  multiplicadon  of  accurate  ejtperiments  will  eventually  lead  us  to  the 
trutli.  Apparentfailures  and  discordanCresults  lauat  not  discourage  the  prac- 
tical man.  By  lecording  all  trust-worthy  results,  the  light  will  almost  sponta- 
neously spring  up  at  last 

9".  Smcale  of  potash. — The  results  obtamedby  the  use  of  this  substance,  and 
the  remarks  appended  to  them  (p.  50),  are  deserving  of  much  atlention.  In  re- 
ference to  this  compound,  and  to  the  silicate  of  soda,  I  beg  the  reader  (o,  turn  to 
the  suggestions  contained  hi  this  Appendix,  p.  40. 

10°,  Muced  mamires, — The  mixtures  in  page  50  will  no  doubt  be  irnitated, 
and  by  those  who  can  oblsin  them  oChunim  composition,  comparative  experi- 
ments may  be  tried  with  advantage  both  to  theory  and  to  practice. 

C. — T!te  Ewpenmenti  tipan  Barley. 
The  true  practical  value  of  the  experiments  upon  barley  will  t-e  shown  by 
placing  theni  in  the  following  form : — 

Nitrate  of  soda  with  cornmon  salt,  gave  5  bush,  for  0  17  6  —  3s.  8d. 
Sulphate  of  soda  with  sulphate  of  njagneaia,  7ihHsli.forO  15  6  —  3s.  Id. 
Guano  (at  258.),        ....  17    bush,  for  3  130    —    4a.  7d. 

Common  salt, 6    bush,  for  0    4  6    —    Os.  9d. 

Turnbull's  artificial  guano,        .        .  3   bush,  for  1    4  0    —  13a.  Od. 

The  cheapest  apphcadon,  without  doubt,  upon  this  soil,  is  common  salt. 
At  half  the  above  price  guano  would  produce  the  barley  at  3s.  3d.  per  bushel, 
end  the  largei-  quantity  reaped,  together  with  the  value  of  the  straw  in  the  pre- 
paration of  manure,  may  satisfy  many  that  either;  guano  or  the  mixture  of  sul- 
phates may  be  used  with  profit.  It  is  a  fiiither  rkconimendation  of  the  common 
salt^  however,  that  it  produced  the  heaviest,  while  guano  produced  tlie  lightest 
gram. 

From  the  experiment  witii  nitrate  of  potash  no  result  can  feirly;be  drawn,  in 
consequence  of  the  great  drought  of  the  season  (see  Mr.  Gardiner's  remarks). 

D. — The  Exyerimeitls  vpon  Oats. 
1°.  Negative  egfd  ofsalhte  maTmres.—'Vb.e  first  of  tJie  two  series  of  experi- 
ments above  recorded  being  made  at  Lennox  Love — like  those  made  at  the  same 
place  upon  turnips — derive  (heh  principal  interest  from  ihe  illustiBtioii  they 
afford  of  the  iiegciMve  effect  of  saline  manures  upon  the  oat  crop,  under  the  in 
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in.    The  undressed  pari  of  [he  field  proi 
Common  Bait  diminished  this  pioduce  by  6  bushels. 
Nitrate  of«oda     .,.,....      12»      " 
Sulphate  of  soda .     15J      " 


---  -  - m   " 

while  3  cwt.  Df  guano  raised  the  prodais  to  70  bushels,  being  an  increase  of  16 
bushels. 

These  results  not  only  confirm  the  deductions  which  we  have  already  drawn 
ftom  the  preceding  esperiments  upon  potatoes  and  turnips — that  guano  will  act 
even  in  out  driest  seasons,  while  rape-dust  requires  at  least  occasional  run — but 
tUeygofurtherin  showing  that,  like  the  sahne  substances, raye-d)«i,a»ui«w»!Doi, 
will  .tnalerialif/ dimmish  Si£  outcrop,  if  the  seasifnh  dislingvisked  ip  revtarka&e 
drought.  '  ■ 

2?.  ■Massoats.^-'riie  esperimehts  upon  moss  oats  (p.  53)  are  a  continuation 
and  extension  of  those  of  1S41  with  greater  attention  to  accuracy  in  the  determi- 
nation oTthe  produce.  The  last  column  in  tlie  tal>le  speaks  for  itself.  The 
general  produce  of  the  field  being  43  bushels  ^ler  acre. 

9  bushels  2s.  3d. 

IB  of  soda  gave  13  bushels  Is.  7d. 

nuiice  in  luuriaui;  aviu  gavt  <      .         .         .         13  bushels  Is.  6d. 

SiUcsle  of  potash,  mixed  with  the  above,  gave  S3  bushels  Ss,  Od. 

In  the  last  two  cases  ijie  straw,  which  is  usually  imperfed,  in  oats  grown  upon 
moss  land,  was  strong  and  healthy.  It  is  obvious,  therefore, ihat  all  these  expet- 
iments  deserve  repeiiUon,  though,  as  heie  sBt  forth,  the  increase  of  grain  by  Wos. 
S  and  3  was  obtained  al  the  least  cost,  and,  therefore,  ip  the  econpniist  will  ap^ 
pear  most  important. 

K — The  Ex^eriiaeiit^ 'W^  Wkeai. 
I.  E^l  />f4rovgM^ — The  first  series,  those  made  at  Lennox  Love,  afford  in- 
teresting illustrations  of  the  efleM  oE  great.drought  in  modifying  the  action  of  sa- 
line manures  and  of  rape  dust,  upon  the  wheat  crop.  Ihe  more  prominent 
results  are  disiinolly  broughtout  when  thrown  into  the  following  form.  The 
produce  of  the  undressed  pan  of  the  field  being  47i  bushels  an  acre,  this  produce 
was  affected  by  llie  several  Bubstnnces  employed  in  the  following  manner  i-- 


Common  sail,  I  cwt 
Sulphate  of  Soda,  I  c 
Soot,  Sa  bush.    , 
Nitrate  of  soda,  1  tw 
Rnpe-dust,  16  cwt 
Guano,  3cwL 


libush, 
9i  bush. 

slight. 


siiaht. 


Thus,  the  nitrate  of  soda  and  the  soot  did  no  harm,  though  the  drought  did 
not  permit  them  to  do  any  good.  Common  salt  slightly,  and  sulphate  of  soda 
largely  diminished  the  crop  of  groin— while  of  these  four  substances  the  sulphate 
was  th^  only  one  which  diminished  the  yield  of  straw.  Nitrate  of  soda  and 
Eoat  largely  mcreased  it. 

On  the  other  hand,  guano  sljghtly  lucreaBed  the  yield  of  grain,  and  rape-dust 
added  3}  bushels  to  the  natural  produce,  both  also  augmenting  the  weight  of 
the  straw  by  about  one-tenlh  of  the  whole.  - 

In  this  case,  tlien,  the  f ape-dust  surpsased  in  beneficial  effect  the  natural 
g;uano,  though,  as  we  have  ah-eady  seen,  it  proved  greatly  inferior  to  the  latter 
when  applied  in  similar  proportions  to  oats,  potatoes,  and  turnips. 

2°.  Suggeslf/m  VlII. — This  fad  suggests  aiii'liieFestiagi'nqianj.  It  is  known 
tfcit  jne  of  the  most  lucrative  mod^  in  which  tape-dost  has  been  hitherto 
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employed  as  u  manure  has  been  in  tim-dressLng  the  wheat  crop  (see  the  prece- 
ding pan  of  this  Appendii,  p.  19).  Has  )l,lJiei-efore,  same  spira'at  ai^aplaiion  to 
the  vheat  crop — which  will  account  at  once  for  its  coiiipiirative  iailure  upon  oats, 
turnips,  and  potatoes,  and  for  its  superior  efficacyto  guano  upojl  the  w&eat  crop 
— in  the  proportions  slaipd,  anieyon  in  a-sBry  dryBuintner'!  Thscoinparatise 
efficacy  oftiie  two  substances  applied  in  Tto'lous  proportions  is  certainly  deaerv' 
ing  of  farther  uivealigaljoii.  It  will  be  a  gain  not  only  to  practical  bnl  to  llieo- 
reticEi]  agriculture,  Bhould  it  be  e^tabli^ed  that  rape-dust  can  be  pfoSfably 
applied  to  the  wheat  crop,  in  WrcijmBlalioes.  when, it  would  be  thrown  away  upon 
oals  or  turnips. .  By  turning  to  the  next  series,  that  of  Mr.  Fleming  (p.  54),  it 
will  be  seen  that  the  last  result  there  stated  ia  ^o  favoxirable  to  tlie~  action  of 
rape-duBl  upoii  the  Wheat  crop.* 

3°,,  Maliialig  amnUracting  wfiii^e^ice  of  dijSerejit  m/tmiTes. — But  another  curi- 
ous obaerva^on  presenuitself  In  the  Cable  of  Lord  Blantyre's  results.  It  is  in 
the  apparent  struggle  between  the  good  and  evil  influences  of  the  rape-dust  on 
the  one  hand,  and  of  the  saline  substances  on  the  other,  when  tliey  were  tipp! led 
together  to  tlie  same  plot  of  wheal  (see  Appendix,  p.  19).  Thus,  when  applied 
in  the  proportions  above  stated — 

Common  salt  gave      ....  —  1 J  bush. 

Rape-dust  gave 3i  bush.  — 

One-half  of  each  gave        .        .        .        2J  bush,  — 

S  lessened  one-tMrd  when  laiaed  wiSi 
It.    So,  aUo-^ 

Sulphate  of  soda  gave         ...  —  9i  bosh. 

Rape-dust  gave -  Sj  bush.  — 

One-half  of  each  gave         .....  —  3   bush. 

Or  tie  iiifivKnce  ef  I  ciol.  of  sulphate  of  soda  for  eeil  was  om-lhird  grcaisri/ian 
tlmi  of  IS  oBt,  ofnqK-duslfoTgoii — in  tlie  given  circumstances  of  soil,  climate, 
and  crop.  This  result,  which  at  present  seems  only  curious,  may  hereafter  lead 
to  the  eelabli^hmeuc  of  interesting  truths  capable  of  practical  application. 
.  Suppose,  for  instance,  that  upon  two  fields  rape-dust  were  applied  to  the 
wheat  cFop  at  the  rate  of  16  ctvt.  per  acre,  and  that  the  one  field  contained  na- 
turaily  in  its  surtace  soil  the  proporUon  of  sulphate  of  soda  employed  in  Lord 
Blantyre's  experiment,  while  the  other  contained  none — Iben  in  ue  one  case 
Hbc  rape-dust  would  not  only  expend  all  its  influence  in  overcoming  the  tenden- 
cy of  the  sulphate  to  lessen  the  crop, — but.wbuld  esen  -seem  to  do  harm  if  the 
produce  were  compared  with  that  of  another  field,  of  apparently  similar  soil, 
near  the  sui-tace  orwbichthis  abundance  of  sulphate  did  not  exist;  while,  in  the 
othef  case,  the  rape-dnst,  ha'jingno  counteracting  influence  to  overcome,  would 
spend  itself  entirely  in  increasing  the'growih  of  the  plant  and  the  final  yield  of 

Or  suppose  an  artificial  guano  or  other  miSed  manure  artificially  prepared, 
to  contain  two. or  more  substances  which,  in  tiie  soil  ihey  are  applied  to,  have 
a.  tendency  to  produce  opposite  efieCts — the  one  to  increase,  the  other  to 
diminish,  Uia  amount  of  produce— the  efifect  of  this'  conflicting  action  of  its 
component.Eubstances  would  be  such  as  to  render  tbemixtura  of  less  efficacy, 
perhaps  of  no  efficacy  a.t  all — it  miglit  be  even  injurious  to  the  crops, — although 
It  contained  substances  which,  if  applied  alone,  would  have  exhibited  a  power- 
ful fertilizing  action. 

These  two  illustratione  are  sufficient  to  show  the  leind  of  light  which  obser- 
vations, such  as  flie  one  above  adverted  to,  may  heieafter  throw  upon  practical 
agricuilure. 

II.  The  substance    of  IVIv.  Fleming's  table  (p.  54),  may  be  thus  presenteJ. 


in  the  e 
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70  ESPEttiMENTS  UPOK  WHEAT.  [Aj^endix, 

The  unaided  produce  of  the  sail  waa  35  bushels  an  acre,  and  ihe  effect  of  Qie 
dreasings  as  lollows : — 

Guano,  3  cwt 6   bush,  — 

Rape-dusl,  5  cwL,  sulphateof  magnesia,  f  cwt,  ,       Sj  bush.  — 

Sulphate  of3oda,licwt.,nilrate  of  aoda,  5  cwt.        li  bush. 

Corimion  salt,  3  cwL ^-  3;  bush. 

Common  salt,  3  owt,  disaolved  bones,  1  cwl,      .         —  2   bush. 

Turnbull's  artificial  guauo  produced  no  senaible  effect. 

TJiider  the  circumstances,  besides  being  lavourable  to  guano,  the  above  re- 
sult is  aJao  in  favour  of  the  mixed  sulphate  and  nitrate  of  soda,  which  we  hfive 
seen  to  operate  benefitaally  upon  bo  many  othe.'  cultiv«ed  plants.  The  entire 
crop  appears  to  have  been  injured,  not  only  by  the  HUmmei's  drought,  but  by 
the  ssvarity  of  the  preceding  winter.     . 

■^In  regard  to  comnlon  salt,  it  is  worthy  of  remark,  that  the  grain  dressed  by 
it,  wheSier,  oats,  barley,  ov  wb«it,.in  Mj:.  Fleming's  expedments  of  this  J^ar, 
has  been  always  heavier  per  bushel  than  any  of  the  other  samples  tried.  This 
accords  with  ine  previous  resulis  of  some  olhsr  experimenters ;  but  it  does  not 
agree  with  Mr.  Fleming's  obserra^ons  upon  the  wheat  of  1841,  nor  with  those 
of  Mr.  Bumet  for  1813,  and  therefore  cannot  yot  be  cansidered  aa  a  univeraaL 
consequence  of  the  application  of  this  substance  as  a  top-dreasing. 

III.  The  Biperimants  of  Mr.  Bumat,  of  Gadgjrlh,  have  already  been  partially 
detMled  in  the  text  {Ledmirs  XVI.,  p.  363),  and  their  value  explained.  The) 
are  imporlant,  chiefly,  as  showing — ■ 

,1°.  Eammmcid  miiMres. — That  mixtures  csn  ha  ixepared  which,  upon  soma 
80J|e,  surpass  guano  in  etBeacy  and  in  economical  value,  at  its  former  price. 
The  price  being  now  reduced,  other  experiinenls  are  required,  yet  still  the  less 
efTeet  of  guano  upon  the  wheal  crop  is  in  accordance  with  the  reaulta  of  Lcrf 
Blantynj.  A  wet  season,  however,  may  alter  the  numerical  relation  whiti 
these  results  exhibit.  Il  will  be  observed  that  here  also  Turnbull's  guano  pro- 
duced no  sensible  effect. 

3°.  Effed  of  smte.— The  efficacy  of  the  eaJts  of  soda,  whether  the  sulphnte, 
the  nitrate,  or  commiin  salt,  upon  Mr.  Burnet's  land,  are  bIro  very  striking- 
half  a  hundrejl  weight  per  acre  of  either  producing  an  additional  increase  of 
about  10  bushels  of  gTEiiu. 

3°.  Yield  of  fiow. — Into  his  tabulated  results,  Mr.  Bumel  has  introduced  a 
new  element,  and,  as  it  seema  to  me,  an  important  one  in  an  economical  point 
of  view,  namely,  the  ffaimiiiij  of  jvi}M  jUtar  Jjidded  bt/ eqatd  weig&ls  of  t/ie  several 
samples  of  grtdn.  The  differences  presented  in  this  column  are  very  striking. 
Thus  100  lbs,  of  the  grain  reaped  from  the  plot  which  was— 

Undressed,  gave 76i  lbs.  of  fine  flour. 

Dressed  with  guano S8j  lbs.        " 

"With  sulphate  of  ammonia 65  J  lbs. 

"With  sulphate  ofammouia  and  nitrate  of  soda     .    .    .    54J  lbs.        " 

It  would  be  intereslii^  to '  learn  from  an  experienced  miller  to  what  extent 
such  differences  affect  »e  money  vtdue  of  the  gi'ain  to  the  mniiu£ictiirer  of 

4°.  Amemd  o/^ftftera.— Through  the  ansiety  of  Mr.  Burnet  (o  draw  as  much 
infomlaUon  as  possible  from  his  excellent  experiments,  1  am  able  to  present 
another  feature  m  regard  to  the  action  of  these  saline  and  other  substances  upon 
the  (fiiaZiii/  of  the  pro'laite. 

It  is  known  that  the  quantity  of  gluten  contained  in  differait  samples  of 
flour  is  very  unlike,  and  that  the  nutritive  property  (rf  the  flour  depends,  to  a  cer- 
tain extent;  upon  this  quantity  of  gluten.  It  has  also  been  stated,  as  the  result 
of  experiment,  that  the  grain  which  ia  raised  by  means  (if  manure  containing 
the  largest  quantity  of  lulrogen,  is  also  the  richest  in  Huten.  With  a  view  to 
tliese  quBsUons,  Mr.  Burnet  tranamitled  to  me  a  pound  of  each  of  the  samples 


..Ckxiglc 


No.   VIIl]  EXPERIUENTB    UEOM  WHEAT.  71 


of  flour  (sea  Appendix,  p.  5),  and  up<tn  eiarainalion  I  found  them  to  contain 
the  foliowing  proportions  of  gluten  : — 

No,  1,  No  application     .     .    ^ lfi-3  D-i 

3.  Guano  and  wood- ashes IG  15  9-3 

3.  Artificial  guano  and  do 16-8  9fi 

4.  Sutphale  of  ammonia  and  do 164  10-5 

D.  Do.,  do.,  and  sulphate  of  Eoda 157  97 

6.  Do.,  do., and  common  sale 157  96 

7.  Do.,  do.,  and  nitrate  of  soda 164  100 

8.  Turnbull'B  guano,  gypsum,  and  wood-ashea.     15-3  91 
These  reBults  are  not  without  their  interest,  for  though  they  do  not  show  an^ 

jdiMii.g' difierence  in  the  per-eentage  of  gluten,  yet  upon  thejvholB  the  result  la 
in  favour  of  those  samples  to  which  the  sulphate  of  ammonia*  .  had  been  ap- 
plied. One  of  these,  No.  4,  exceeded  the  undressedgrain  by  about  one  per 
cenl.,  or  one-ninth  of  the  whole  gluten  it  contained.  Werethe  amount  of  lliia 
gluten  alone  therefore  to  determine  the  feeding  qgalitj"  of  the  grain,  this  sample 
might  be  considered  as  oonsiderably  the  mosf  nutritious.  But  beades  the  re- 
lative proportions  of  line  flour  which, they  severally  yielded,  there  are  olhor  im- 
portant considerations  which  beai'  upon  this  question,  and  must  intluence  our 
judgment.  These  consideraUons  itwouldbeoutofplacetopreaent  among  the 
present  Observations.  Tliey.will  be  found  slated  in  the  text  of  ^e  Lectures, 
(XIX.,  p,  498  ei  seq.')  where  we  treat  of  the  composition  of  wheat  and  other 
vai'ieties  of  grain — and  of  their  respective  values  in  the  feeding  t>f  man  and  other 

P. — Tie  ExperimeiUs  itjxm  Grass. 

I.  The  experiments  of  Mr.  Alexander  ai'e  not  very  remarkable  or  conclusive. 
The  meadow,  whioli  Waa  drained  mesa  full  of  timothy  grass,  gave  naturally  1 
ton  4  cwt.  of  hay,  whereos  the  one  dressing  raised  the  produce. to  1  ton  8  cwt., 
the  other  to  I  ton  1 1  cwt.  per  intperiai  acre.     The  cost  is  noi  Saled. 

II.  But  those  of  Mr.  Fleming  are  very  intereslitjg.  Ejr  teferiing  to  page  17 
of  this  Appendii:,  it  will  be  seen  that  in  1841  Mr.  Fleming  obtained  a  greatly 
increased  produce  of  hay^by  the  use  of  nitrate  of,  soda.  .He  informs  me  that 
in  making  the  present  experiments  he  was  desirous  of  again  testing  the  eSicacy 
of  ^13  salt  upon  grass,  on  iAs  same  kind  of  land,  and  of,  comparing  it  with  that 
produced  by  other  saline  substances.  .He  selected  also  a  poKioh  of  the  same' 
field,  on  another  pari  of  which  the.tiiaU  upon  wheat  hail  liaen  made  in  ISil 
(see  Appendix,  p.  19),  with  the  view  of  ascertaining  ifany  anali^y  could  be 
traced  or  difference  detected,  behoeen  their  action  hi  1841  tifim  loAeal,  and  l&eir 
effect'  in  1843  on  somn  ^assfls— ^rye-grass,  timothy,  and  red  clover. .  Both  objects 
iiave  been  in  some  measure'  attained.  I  shall  first  present  a  summary  of  the 
results. 

The  undressed  soil  produced    .     .      1  8  —  0      5 

Sulphate  of  soda,  3  cwt,      ...      1  3                  

Nitrategf  soda,  IJ  owl 3  10  12                     

Sulphate  of  soda,  1  owl (   ,  „                  ^  „      , 

Nitrate  of  soda,  i  cwt (  '  "      ^ 

Common  salt,  3  cwt.   .    .    .    ,     .      1  6                  0      2 

Common  salt,  3  cwt ^    i  ii>  n       a 

Soot,  16  bushels J   l  iJ  0      4                  

Sulphate  6f  ammonia,  1  cwt,    .    .      1  13  0      5                  
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A  jniiture  of  silicate  of  potash  with,  gypsum  pi-odaccd  no  sensible  effecl, 
MUlier  did  Turnbull's  ariilicia!  guairo. 

1°.  In  this  i-epetition  of  his  experiment,  therefore,  tha  nitrate  of  soda  on  si- 
milar land  again  increased  greatly  the  produce  of  hay — giving,  at  the  first  Cut- 
ting an  excess  of  upwards  of  I  ton,  at  a  cost  of  30s. 

#*.  But  on  oompaiing  this  aouon  of  the  nitrate  upon  grass  with  its  action  in 
the  same  field  the  previous  year  upon  wheat — we  find  that  though  it  considera- 
bly increased  the  crop  of  wheat,  yet  every  addiuonal  bushel  raiaed.oost  ISs.  6d. 
as  the  price  of  the  nilrateadded  to  lliH  land  (Appendix,  p.  19)..  It  appears, 
thenrfbre,  that  upmi  saili  ifiAcre  ihenilraie  kaiU  not  pay  whenaippiied  to  wAeal,  it 
may  yet  pay  Wdl  mien  applied  to  grass. 

3°.  Again,  we  find  above  that  3  cwt.  of  common  salt  lessened  in  a  shghl  d 


gree  the  crop  of  hay,  while,  in  1841,  H  cwtt  increased  considerably  the  jiroduca 
of  wheat  in  the  same  field — the  addidonal  grain  reaped  from  the  salted  portion  cost- 
ing on!y.6d.  a  bushel  (p.  19).    It  woulB  appear,  therefore,  tlial  on  soUs  viAci-e 


c&mmim  saU  can  ieprofiiBbhitseAupini.  wheat  Uvuiy  do  inQwyv^B, 
only  cireum  stance  that  renders  this  deduction  less  ^e  is  that  3,cwt.  ui  onu  ]jci 
acre  were  applied  to  the  gtass,  which  may  have  bean  loo  much  considering  the 
diyness  of  the  season. 

4°.  The  latter  remark  applies  also  to  the  sulphate  of  soda  which  was  laid  on 
at  tlie  rale  of  3  cwt.  per  acre.  A  less  addition  might  possibly  have  aided  the 
crop.  Yet  the  negative  influence  of  this  salt  seems  great,  since  IJ  owL  ofniliale 
— itself  tending  to  increase  the  crop — was  unable  entirely  to  overcome  the  dimin- 
islving  influence  of  I  cwt  of  sulphate. 

But  the  reason  of  this  apparent  inetficiency  of  the  nitrate,  whenmixedwhh  the 
sulphate,  is  in  some  measuFe  explained  by  the  remarkable  feet,  that  on  AitA.n/'I/ie 
patcli/!s  to  tehidiliesiMaleofiodawata^iekj.the  grass  iliat  came  ^  consiskti 
tdnuistsnlird;^  efpldfisotie.  (Pestiica  Rtibrajj  Ounighrye  grass,  (imoSAjl,  asid  red 
djiver  were  Ihe'm^  grasses  saura.  The  sulphate,  dlecefore,  must  first  have  checked 
or  entirely  destroyed  the  grasses  which  had  ^rcady  sprung  up^  and  then  have 
incited  the  dorniant- seeds  offescua  lo  germinate,  before  the  fertilizing  agency  of 
the  nitrate  could  come  into  play. 

This  effect  of  the  sulphate,  shoiild  it  be  confirmed  by  later  experiments,  will 
establish  the  important  theoreuoal  principiB,.  that  tligse  substances  which,  when 
present  in  the  sou,  will  destroy  some  of  our  cultivated  grasses,  will  encourage  the 
grtiwth  of  others;  alid  the  no  less  important  practical  truth,  that  saline  substan- 
ces exercise  such  a  spedal  «ttion  on  the  several  crops  we  grow  that  we  may 
hope  to  discover  the, means  of  Bjiiiti^  Ihe  giiKBlh,  of  the  oae  or  the  otiier  at  plea^ 
sure,  and  it  may  be  at  little  cost. 

Suggestion,  IX.— It  is  to  be  recollected  that  in  the  case  of  Mr.  Fleming's 
field  It  njay  have  accidsnl^ly  happened  that  the  seeds  of  the  fescue  particularly 
abounded  in  those  plots  to  which  the  sulphate  was  applied.  With  every  dis- 
position, ^erefbre,  to  advance  as  rapidly  as  we  possibly  can,  1  think  it  better 
to  suspend  our  judgment  upon  this  point — until  the  following  two  series  of  cx- 
peiiments  shall  have  been  made  in  two  or  three  different  localities  : — 

a.  By  lop-dressing  any  of  the  ordinary  grasses  sown — excluding  the  fescues 
— on  four  or  more  plots,  with  i  cwt.,  1  cwt.,  3  cwt.,  and  3  cwl.  of  sulphate 
of  soda  respectively,  aiid  marking  the  kind  of  grasses  that  most  abundantly 
spring, 

*.  By  sowing  half  an  acre  of  One  or  more  of  the  fesraes,  and  especially  the 
Rvbrii,  and  noting  the  effect  (J  the  sulphateapplied  in  similar  proportions  upon 
as  many  patches  as  before. 

These  experiments,  it  is  obvious,  would  be  rendered  more  interesting  were 
nitrate  of  soda,  alone  and  mixeiJ  with  the  sulphate,  tried  on  other  plots,  and  on 
both  varieties  of  grass.  I  trust  Mr.  Fleming,  whose  educated  eye  enabled  him 
to  detect  the  inlerestiiig  fact  in  question,  may  be  induced  himself  to  prosecute 

!he  abova  joint  action  of  the 
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nitrate  and  sulphate,  anolhef  illustration  oftliekinilof  struggle  we  may  suppose 
to  go  on  belween  aubatatices  tending  respectiTely,  the  one  to  increase,  tiiaotlier 
lo  diminish,  the  praduce.  ~-  In  the  joint  action  of  the  common  salt  and  the  soot, 
when  appUfld  together,  WB  have  a  further  inatEinoe  of  the  Eame  kind— an  increase 
of  4  owt.  only  bein^  caused  by  the  applicaUon  of  16  bushels  of  soot,  when  coun- 
teracted by  aundmilture  of  3owt.  of  common  Halt.  Applied  alone,,  the  inoreaae 
of  produce  would  probably  have  been  greater.  Will  any  one  undertaJte  exper- 
iments with  the  view  of  further  bringing  out  this  interesting  mmually-counteiv 
acting  influence  o£ different  applications? 

6°.  I  can  only  call  attention  to  the  large  yield  of  hay  ntfurally  obtained  from 
that  part  of  the  Geld  on  which  barley  dressed  with  bone-dust  in  1841  had  preri- 
oualy  grown.;  Mr.  Fleming  informs  me  that  no  sensible  difference  in  the  praduoe 
of  hay  Was  ooaervedbetweeii.theandressed  part  of  the  field  and  that  upon  which 
the  'Hressed  wheat  had  grown  in  1841 ,  thoiig^i  the  crop  was  not  set  apart  or 
weighed,  aa  we  might  wish  it  to  have  been. 

111.  Since  the  preceding  ejtpetiments  went  lo  press  I  have  received  the  fol- 
lowing short  notice  of  trials  upon  hay  made  by  Mr.  Campbell,' of  Islay ; — 

"  It  is  very  difficult  to  get  the  tenants  in  our  wild  part  of  the  world  to  expend 
money  in  the  purchase  of  fbreign  sabstauces,  however  beneflcial ;  and  for  this 
reason  I,  have  been  induced  lo  liy  the  substances  mentioned  below,  because, 
with  the  exception  of  sulphuiic  acid,  the  others  are  to  be  got  in  abundance 
in  the  island — the  pigeons'  dung  may  be  got  in  laige  quantities  in  the  caves, 
sea-ware  on  the  shore,  and  lime  is  abundaJit  and  excellent  in  quality.  The  ex- 
perimenl  was  made  thus — 

Frcali  cm.  Dry. 

1.  Nothing 340  199 

2.  Pigeon  Dung   ,. 313  275 

3.  Sea-ware,  Lime,  and  Sulphuric  Acid  ...      306  269 

4.  Lime  and  Sulphuric  Acid 293  356 

!.  A  field  of  about  ten-acres,  lately  improved  from  heather,  was  chosen ;  tbe 
field  was  well  diained  and  deep  ploughed,  so  as  lo  raise  the  EuUaoil  (red  loam) 
with  llie  moss.  On  its  surface  the  grass  was  sown  down  with  oals--8  cwt.  of 
each  substance  was  used  to  the  acre.  Eight  yards  square  carefully  measurM 
from  the  centre  of  each  variety;  and  weighed  the  day  they  were  cut,  and  again 
on  the  day  they  were  put  into  stack.    The  bay  was  fully  ripe  when  cut. 

2.  The  pigeon  dung,  which  looks  like  peat-dust,  was  laid  on  exactly  as  it 
was  taken  from  the  cava, 

3.  One  ton  of  lime-shells  was  mixed  with  13  tons  flesh  sea-ware;  after  being 
twioeturned,  the  whole  of  the  sea-ware  was  consumed,  leaving  only  small  black 
particles  mixed  with  the  lime:  the  bulk  was  reduced  to  five  large  cans  (not 
weighed);  4  galls,  sulphuric  acid,  mixed  with  400  galls,  of  water,  were  added  to 
the  powder — a  violent  fermentation  took  place,  and  the  bulk  was  further  re- 
duced about  an  eighth. 

4.  A  ton  of  hme-shells  was  prepared  according  to  your  recommendation 
slaking  the  lime  with  the  dilute  acid. 

W.B.  One  measure  of  this  lifne  in  shells  gives  three  and  a  half  in  powder." 
G. — The  Eaytnmfflifa  itjwit  Mixed  Creps. 

Mr.  Alexander's  experiment  upon  a  field  of  mixed  oats,  beans,  and  peas,  is 
very  deserving  of  notice,  and  will,  I  have  tio  doubt,  be  repeated.  Not  only  did 
the  mixture  of  gypsum  and  common  salt  titcrease  the  ultimate  produce—but,  as 
Mr.  Alexander  says,  it  aded  lUe  Toagic — imparting  life  and  vigour  to  an  appa- 
rently dying  and  worthless  crop. 

H. — The  Experimsnts  wpcn  Beans. 

I.  The  principal  fact  of  importance  in  the  experiments  of  Mr.  Alexander  is 
the  effect  he  found  his  mixture  of  gypsum  and  common  salt  to  prodace,iiDoi}a|w 
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beans  eve^t  when  already  hijlower.  This  is  another  of  Ihose  new  and  practical- 
ly Yaluable  observn^ona  which,  vear  by  year,  are  sure  to  prcsetit  themselves  to 
our  obaerring  exjieriinenters  ss  iiieii  inductile  researches  are  continued. 

11,  I  Bin  happy  in  being  able  to  introduce  here,  though  it  reached  me  too  late  for 
insertion  among  the  other  tables,  the  following  digest  cf  results  upon  beans,  ob- 
laitied  upon  Lord  Blantyre's  larm  at  Lennox  Love.  The  object  of  them  was 
Jo  ascertain  Sie  relative  ejfect  of  certain  salijie  maiturej,  and  of  mpe-diasl.,  and 
gnano,  iifon  beans,  after  a  crop  of  oats. 


,  .    .       tme-etehfi  of..  .      ,       .,  . 

applied  13(h  May;  crop  cut 3th  August:  slaclied  1st  September,  1843;  and 
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'RBMliKa.-The  Hail  of  Fordbm,  on  nrhicb  Oiey  ireff,  is  light  tod  orinJerJnr  quail[y.^he 
Bubeoll  is  arUduTatsd  clai,  <nlerspeia«i  with  boulders  odcI  bpiSU  stop«s,  and  occsstonally 
beds  of  graiel.  The  field  was  dri^oed  ereir  fnrrow  in«iioliB  lo  lis  bslnc  broken  up  rrum 
o]dlea:lniliewiiiUrori84D— ploughed  deep  and  subidUed  Id  the  autumn  of  1S41,  and  ma- 
nured with  rarjo^Brd  dun^  in  the  drilMHlisre  apMrif  Uie  baazu  In  (ba  spring  of  t842.  Owing 
b>  the  dryness  orDie  aesBOn,  1bebeHiiHirei;era1ber  short  In  the  itraw;  lbs  speaillc  manures 
vera  Bpplisd  >Rer  (hepla^Ie^ad  aiuiued  soma  inches  In  height..  7^  lu^iMa^aid/ifilry, 
not  T»  cry&laie)  blacA&XEd  and  deatroytd'  Oit  tauter  leaoeg,  wtarwsF  it  oaittB  ia  contara  viitti 
\j  biilfre^  lAooXff  won  appeared  tmd'H  did  itot  eee/a  pennanently  to-iajttr^  or  retani  Ike 
:'AbrMBpist(B.'^ef  dtdnotfaHer the  application,  aliaw any  marked changa.of  colour; 
Bt  DO  period  dM  Uie;  Beem  to  dlfi^r  muc^  ttam  Uie  reij  of  the  field,  A  Ibv  peas  were 
IreBBlnEtbe  j|rBlh,BnatteiE^t,pbrtlBJly  '    " ' 


gnncihof   .... 

- —  .t..  I .  __^.^  — ^_.__.-^  _.^.^  , —  ^ '—jBi,  was  mane 

_.  __, p. ,_  ._ „ ^n  and  repreeents  Ibat  In  peas. 

The  sepantlon,  bowtfrei:,  not  being  completelj  eSbcted,  there  were  left  peas  amanglhg  beans, 
—■ ' 1  oflbo  amallet  and  tofenor  Iwane  stbODglhe  peas.    Itbogaht  adiBtUicIIon  erihia 

"•  — -■—  ■-  ■■--  "-■-Ibb,  bs  I  obaecved tSst  t '-—  — ^■"-'  — — 

, , Bd  that  Ihe  relative  »ali 

miffht  thereby  ln_BQ],ie  meaiure  be  shown,  a 


kind  north  making  IB  the  T&blsB,  as 
michtlheret 


w  of  the  lota  oontBlaed  much  m 


welghbig.m 


retaken, 


^sbln^ 


>of  lb 


selghtB 


The  produce  of  the  undressed  part  amounted  in  the  above  experiment  to  29^ 
bushels,  and  it  is  remarkable — 

1".  That  the  soot  alone  caused  a  sensible  diminution  of  the  gross  produce, 
and  alone  did  not  lessen  the  proportion  of  peas. 

2°.  A Itliough  the  season  was  so  dry  the  sulphate  of  soda  gave  a  larger  Increase 
than  was  obtained  by  the  additon  of  twice  its  own  weight  of  guano, 

^'   '    n  admixture  of  half  its  weigh!  ?f  nitrate  with  the  sulphate  of  soda 


3=.  That  ai 
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did  not  incrense  tlie  produce  beyond  tlint  of  an  equal  weight  of  sulphate  alone. 
This  ia  different  from  the  action  of  tho  latter  salt  in  the  case  of  llie  other  grain 
crops  and  of  potatoes. 

4°.  That  1  cwt,  of  sulphate  of  soda  produce  as  great  an  effect  ds  16  cwt.  of  rape- 
dust — the  quantity  of  grain  reaped  from  both  applications  being  very  nearly  the 

Siis^est-um  XI. — These  striking  effects  of  (he  sulphate  uldmately  took  place, 
although  when  first  applied  to  the  young  planls  it  burned  and  blackened  iheir 
leaves,  I  trust  that  these  results  will  also  be  tested  by  repetitions  in  other  years 
—'.ess  droughty,  it  ia  to  be  hoped — and  in  other  parts  of  the  country.  For  die 
sulphate  of  soda,  Mr,  Alexander's  experiment  seems  to  saythat  gypsum,  which 
is  slill  cheaper,  may  be  economically  sulislitutsd. 

5°.  It  will  be  seen  that  guano  upon  this  crop,  as  upon  the  wheat  already  noticed 
(p.  6y),  was  less  sucqesslurthan  some  ^  the  other  substances  employed. 

CimdusiBit. — UjpOH  the  observations  of  Mr.  Gardiner  in  regard  to  the  effect 
of  the  dressings  of  18il  upon  the  crop  of  1943,  I  have  nothing  to  add  to  (he  re- 
marks I  have  already  made  (p.  57)  upon  their  importance,  and  upon  the  good 
that  must  follow  from  continuing  them.  But  in  concluding  these  observations, 
the  reader  will  please  to  recollect  that  I  have  adverted  to  thosepoinlaonly,  in  the 
above  laijlea  of  results,  which  appeared  to  myself  most  important.  There  are 
many  other  points  to  which  ^  a  careful  study  of  the  tables  his  attention  will 
naturally  be  drawn.  He  vrili  consider  the  observations  themselves  also,  as 
onlysomanygropings  after  truth.  The  present  slate  of  our  experimental  inqui- 
ries can  scarcely  be  supposed  as  yet  to  ^ve  us  more  than  a,  glimpse  here  and 
there  of  the  true  light.  Like  a  man  who  finds  himself  in  a  dark  duneeon,  we 
are  peering  through  the  comparative  gloom  of  our  prison-house,  in  the  nope  of 
finding  some  mo^  of  escape  into  the  upper  day,  Liite  him  we  may  bo  long  in 
discovering  the  true  outlet,  and  the  passage  upwards  may  be  narrow  ana  in- 
tricate;— but  the  same  oonviodon  which  will  ^ve  him  safety,  will  ultimately 
lead  us  also  to  the  light^that  he  who  persists  in  trying — marking  and  recotleet- 
■ning  hehas  CKploccd-^maj  at  length  escape;  but  that  he  who  ails 
Ference,  or  gives  up  his  quest  in  despair,  is  sure  to  die  in  darkness. 


itol 


ADDITI0I4AL 


The  following  experiments  were  made  at  Eraldne,  in  Renfrewshire,  upon  the 
Home  Farm 'of  Lora  Blantyre : — 

Experiment  I. — Potato  Oats,  after  old  Grass. 

The  soil  was  tariable,  chiefly  good  loam,  resting  on  a  subsoil  partly  gravel 
and  partly  sand.  The  field,  having  been  long  in  pasture,  in  many  places  very 
wet,  was  drained  in  November  and  December,  1841 ;  ploughed  soon  after,  and 
sown  with  oats  on  the  8th  of  April.  The  manures  were  applied  on  the  15th 
of  April,  and  harrowed  in  widi  a  single  stroke  of  the  harrows.  One-fourlk  of 
an  iwperM  acre  being  previotisbi  measared  off  for  each  plot. 

Accordii^  to  notes  taken  of  the  appearance  of  the  crop  from  time  to  time — 

May  93.— The  nitrate  of  soda  (No.  I)  looking  darker  in  colour  than  any  of 
the  odier  plots;  next  to  it,  in  point  of  colour,  the  foreign  guano  (No,  5)  seems 
beat;  then  the  soot  (No,  9);  then  the  sulphate  of  ammonia  (No.  2);  cannot, 
however,  discern  any  very  decided  difference  in  the  appearance  of  the  p^^  I  . 


May  30,-- -There  appears  a  slight  (lifferenEC  in  favour  of  all  the  applicalior 
ialhe  onder  above  slaied,  the  eulphata  of  soda  (No.  3)  pale  in  colour. 

June  28. — Appearance  saaie  as  OK  3Ulh  May. 

Tiie  crop  was  cut  19th  andSOlh  of  August,  and  Ihrashed  from  ihe  slock  n 
the' 7th  ofSepleinbef;  iheraflultacarefulij' ascertained,  the  grain  by  weight  an 
meaaure;  the  strnw  by  weight,  as  it  came  from  the  thrashing-machine;  no  be 
count  taken  of  the  chaff. 
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broad-leaved  plants ,  the  moss  or  fog  seems  also  to  be  burned,  it  looks  black 
and  unhealthy. 

May  7. — The  ridges  or  plots  Nos.  2,  5,  and  7,  look  decidedly  belter  than  the 
rest :  No.  3  bIbo  seems  ferther  advanced  than  where  no  applications  were  made. 

May 33. — No.  3  gettingon  lery  fest,  and  now  looks  as  well  as  No.  1,  which 


n  No  3  pale  in  coIout,  but  taller  th 

The  hay  was  cat  on  the  3d  of  July,  and  the  grass  we. 
thvf  hours  after  being  cut  down,  but  being  very  sunny  weai 
Wded  when  weighed     The  maJle  hay  weighed  and  pat  in 

Em^  ptoi  con%Uted  ofimeJourUi  of  an  zmperial  oae 
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N.  B. — 1  lake  Iha  nverage  of  the  two  plots  whkli  had  no  manuie,  as 
10  deduct  for  finding  ihe  increased  ptoduce.  Thfl  second  column  f 
tight  is  made  hay,  the  ihird  is  green  grass,  weiglied  soon  after  being  ci 


Soil 


Experiment  HI. — Ujioii  Wheai. 
a  good  strong  loam,  resting  on  a  heav]^  subsoil  composed  of  clay  and 


s,  called  till,  Tha  wheal  was  sown  in  November,  1841,  after  a  crop 
of  nolaioes.  The  field  had  been  long  in  grass  previous  to  1840 — when  it  was 
drained,  and  ploushed  for  oals  in  the  spring  of  1840 — was  well  dunged  with' 
good  farm-yam  manure,  and  was  also  limed  for  the  potato  crop  of  13*1,  so  that 
the  field  was  in  very  good  condition  for  jvheat. 

TiiB  manures  were  applied  14ih  April,  1843,  and  harrowed  in  with  a  atroko 
of  the  harrows, 

May  10.— The  por^on  No.  1  seems  darker  in  shade  than  No.  9  and  No.  8. 

June  38. — A  cBim  day,  witii  gentle  rain — many  of  the  lots  much  bent  down, 
iw  follows: — No.  I  much  hem  down..  No,  S  partly  swirled  and  beni  at  the 
end  next  a  planting.  Nu.l  swayed  at  east  end  next  the  planting,  not  so  bad  as 
No.9.  No,  4  lees  bent  down  thati  No.  3.  No.  5  much  bent  down  and  swirled. 
Nos,  6  and  7  all  standing.  No,  8  partly  laid  down.  No.  9  very  much  swirled 
and  laid.     All  the  laid  wTieat  came  up  again  in  a  few  days  after  the  i 

The  wheat  was  reaped  with  the  stckle,  and  in  due  co  '    '" 

condition.     It  was  thrashed  on  the  8th  February,  1843. 


>e  slacked,  in  good 
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Ei.penment  IV~0!t  Potaioes. 

Soil,  a  medium  loam,  rssting  on  gravel  and  sand.  The  field  was  plougi 
liom  old  grass,  and  sown  with  oatam  1841;  was  drained' (where  wel)andai 
ploughed  in  llie  autumn  of  1841 ;  prepared  for  potatoes  in  the  spring  i 

and  weQ  dunged  9I  the  rate  of  about  4? *■ '  ' 

per  aore.    The  manures  were  applied  in 
above  Uie  dujig  in  ike  diilii  before  plad-n^  & 
drills,  on  Uie  Slst  and  ^d  of\April,  1842, 

During  the  season  could  discover  little  or  no  differenoe  in  the  appearance  of 
the  portions  dressed  with  tha  speciftc  manures,  from  where  no  applications 
were  made ;  the  crop  was  a  very  equal  good  one  over  all  the  field.  <W/i>arW 
ef  animpenai  ao'etn.eac/t  plot. 


bout  45  tons  of  very  good  dung  from  C 
plied  in  addition  to.  the  dung,  iyy  being 
e  phadnf;  the  sets,  then  covered  by  reve 
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REMARKS  OPON  THE  PRECEDING  EXPERIMENTS. 


'.  Effe  t  of/ 


-It    E 


it  place, 


unfa  ourab  e  tluence  upon  ihe  ri 
Ksary  therefore  to  suspend  our  judg- 
Dt  1  future  exper  me  ts  in  other  aea- 


greai  drougl    of 

suits  of  these  exper  .i  r>uiB  oiou  . 
ment  in  some  measure  regard  ng  t 
sons  shall  confirm  or  modujc  then 

3°.  Infenn  ^s  to  be  d  imjrithe  coloi  of  the  erap — A  new  feature  in- 
Iroduoeil  by  Mr  W  Ison  n  1  p  aic  nt  of  thesp  eipen  lenls,  la  the  appearance 
presented  by  the  several  crops  at  different  specified  psiiods  after  the  dressings 

■  It  is  a  common  thing  for  practical  men  to  estimate  the  rela^ve  produce  of 
different  fields  or  par,ls  of  the  same  fi»ld  hy  their  appearance,  and  especially  by 
the  colour  of  the  gfow'isig  crops.  Yel  that  this  is  not  to  be  depended  upon  iii 
n  com  crop,  is  proved.  l>y  the  observation  that  up  to  the  end  of  June  appearances 
in  the  oat  field -were  most  in  fiiTaur  of  ihe  nitrate  of  soda,  the  guano  being  ee- 
eond,  and  the  soot  tdird  in  oiiiec.    Yet,  when  reaped,  the- 


PTitrate  g 


Sool 

The  nitrate  did  give  a  litde  mo 
the  cqlour  is  not  an  unfSiiling  ci 
nay  is  shewn  by  the  experiments 


le  "of  only    .....    Sj  bushels  per  acre. 

34  lbs.  per  acre. 

G  bushels  per  acre- 
straw  than  either  of  the  other  two,  but  liiat 
:rion  eveii  as  to  the  produce  of  straw  or  of 
ion  oats  and  upon  hay.     In  both  of  these 


Ths  British  (Gunno  No,  S)  is 
It.  orSuLphats  of  Soda. 


Jabeb  Wile 
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cropa  Ihe  portions  dressed  wiLb  sulphate  of  soda  are  described  aspi^m  coloia, 
and  yet  1}]g  excess  oT  preduce  over  the  undressed  parts  was  as  follows : — 

The  increase  in  neither  case  would  be  deserving  of  much  attention  except 
as  showing  satisfactorily  that  wrong  conclusions  may  1>e  drawn  in  regard  to 
(he  efficacy  of  manures  and  lop-dressings  by  those  who  judge  only  by  the  eya 
— and  thatsaft  reliance  can  be  placed  aw,  those  comparaUve  rewHs  ontyKMck  ham 
been  tested  by  weight  aid  wasmre.  I  know,  indeedj  that  piactical  farmers  who 
have  appUed  nitrate  of  soda  to  grass  land,  and  have  b«en  delighted  by  &e  beauti- 
ful green  colour  which  followed,  have  occasionally  been  disappointed  by  find- 
ing liiat  aHer  all  this  promise  the  wei^t  of  hay  ootained  was  no  greater  than 
upon  the  undressed  parts  of  their  fields.  As  to  the  feeding  qualities  of  the  two 
kinds  of  hay  noBxperiinents  have  yet  been  made,  though  it  is  known  (bat  ca^ 
tie  prefer  that  which  has  been  dressed. 

SaggesUgn  XL— I  put  down,  therefore,  as  a  distinct  suggestion  ibr  the  pur- 
pose ca  drawing  attention  to  the  subjeet,  that  this  plan  irf  specieSy  noting  the 
appearance  of  the  crops  at  jtoieii,  say  montbly  periods,  should  be  adopted  in  all 
future  experiments.  This  will  serve,. not  merely  16  show  us  niore  clearly  what 
kind  of  appearances  are  to  be  trusted,  and  how  tiir,  as  indications  of  an  increasa 
of  crop — -but  may  hereafter  prove  of  fuvlber  importance  when  experiments  shall 
begin  to  be  instituted  upon  the  feeding  propei-ties  of  crops  reaped  under  dif- 
ferent circumstances,  and  raised  under  dLfferoot  kinds  of  management. 

3".  TmpoTlaiux  of  having  two  or  more  exjieriinenial  plols  sirailarhj  treated. — 
The  experiments  upon  hay  above-mentioned  exhibit  another  illustration  of  the 
fact  adverted  to  in  page  &9  of  this  Appendix  under  the  head  of  Umils  of  error. 
I  there  drew  (he  attention  of  experimenters  to  the  differenee  in  the  produce  ob- 
tained on  two  equal  patches  of  the  same  field  of  turnips,  to  neither  of  whidi 
any  dressing  had  been  applied.  At  ErsMne  two  equal  plots  of  grass  in  the 
same  field  gave  a  similar  difference  of  produce.  I  present  both  resuha  here  for 
the  sake  ofclearnesa.    The  produce  pm  impciial  acre  was— 

Hay  at  Erskhie.  Turulps  U  Barochui. 

ist  plot X''  "5  12'  n 

2d  plot       .    .     : 3         3  U         8 


in  my  remarks  upon  the  difference  between  the  two  plots  of  turnips  (Appen- 

di.t,  p.  59),  I  expressed  an  opinion  that  differences  equally  great,  depending  not 

ill  upon  the  substance  applied,  might  be  expected  on  equal  pwlions  oClhosi 

is  upon -'---' -"-"^ '- —- ■• —  *- '■-^■ 

that  veiy  e 


fiel<is  upon  which  our  difierent  saliiio  manures  may.  have  been  applied ; — and 
ly  erroneous  conclusions  might  thence  be  drawn  in  regard  to  the  abso- 
a  comparative  effects  of  the  substances  with  which  our  experiments  are 
made  upon  the  crops  to  whieh  they  are  applied. 

I  have  since  met  with  a  confirmation  of  this  view  in  a  record  of  two  pairs  of 
eiperimenta  made  with  equal  quantities  of  rape  cake  upon  equal  plots  of  red 
wheat,  in  (he  same  season,  and  upon  adjoining  parts  of  the  same  field,  IBritish 
Husbandry,  I.,  p.  US.)  The  results  of  two  experiments  with  different  quan- 
tities of  rape  dust  were  as  follows : — 

Produce  of  Ltghl 

Ist  plot 59j'  ,     .     .     Se'  .     .     .     53'    16    .     .     .     46 

2nd  plot 59i    ...    21    ...    50      8    ...    67 

1st  plot 86      ...    28    ...    53      4    ...    35 

Snd  plot  ...■■.,    8G      ...    ^    ...    61      3    ...    91 
The  differences  both  in  the  quantity  and  in  the  wright  of  the  gtBin  raipeil  ip   | 
30  '■■'"■■    ■*-'*-"-'^^l' 


eacli  of  these  pairs  of  experime[ita,are  so  gi'eat  that  had  Ihey  been  ohlained  from 
plots  of  ground  dresseS  with  different  manures  we  should  readilj'  have  ascribed 
them  lo  the  unlike  asiloti  of  the  substances  v">  had  applied.  Doubts  may  natu- 
rally arise,  iJierefore,  when  we  look  at  the  several  tables  of  reaulia  conlamed  in 
thia  Appendix,  how  (ax  the  differences  presented  inthemai'e  really  due  to  the  un- 
like action  of  the  niEinui^s  employed,  and  how  fEtr  to  natural  causes  not  hitherto 
investigated.  Cud  all  the  eipeTiaients  made  during  these  last  two  years  with  so 
much  care  rsally  be  vitiated  by  this  source  of  error'!  The  poitit  mast  be  eluci- 
dated by  further  expenment.  Should  it  prove  that  we  have  here  a  genera] 
source  of  error,  it  is  satisfactory  aCleast  that  we  have  discovered  it  at  the  threshold 
as  it  were  of  our  accuvate  expetimental  inquiries,  and  that  we  can  devise  means 
of  avoiding  it  in  future. 

I  therefore  repeat  the  Suggbstioms  I,  and  II.,  which  1  ventured  to  offer  in  page 
60  (Appendix),  that  some  of  my  readers,  of  whom  I  believe  many  are  interested 
in  this  subject,  would  in  the  ensuing  season  ascertain  accurately  the  produce  of 
equal  measured  quantities  of  the  same  field,  under  whatever  crop  it  may  bo, 
and  publish  or  transmit  the  result  to  me^and  that  in  all  future  expeiimenls 
made  with  the  view  of  ascertaining  the  effect  of  different  manures  upon  any  crop, 
tiBo  plot!  at  least,  Bmd  iiot  adjoining  to  each,  olker,  should  be  treated  alike  in  each 
field,  and  the  mean  of  the  several  results  obtained  with  each  substance  taken  aa 
the  average  product  &om  which  their  comparative  effects  are  to  be  estimated. 

These  pomls  appear  to  nielo  be  of  primary  jinportanoe,  and  to  lie  at  Ihc 
fbuadation  of  the  structure  I  hope  we  are  now  begiuniug  to  rear  with  the  results 
of  inductive  experlmeutal  agriculture. 

4.  ActiDraofioof,— In  these  ejtperiments  a  top-dressing  of  Hoot  Increased  con- 
siderably the  produce  of  oats  and  wheal,  while  it  diminished  the  produce  of  po- 
._. !. ._.j„.-,i  ,1 ,j„^_    Thus  ihe  produce  per  acre  on  the  dressmi 

Undi-esaed    .    .    49  bush.    .    .    44  bush.    .    ,    11  tons  If!  owt. 

Dressed   ...    55  bush,    .    .    54  bush.    .    .    11  tons    3  cwt. 

The  unfavourable  effect  upon  the  potato  crop  may  probably  be  due  to  the 

mode  in  which  it  was  applied,  as  in  olher  districts  it  is  very  useful  to  polatoes, 

and  gavB,  as  we  hai'e  seen,  when  applied  alons  to  turnips,  an  increase  □f4  tnnH 

per  sore,     ^ee  Mr.  Fleming's  Experimenls,  Appendix,  p,  43;  also.  Lecture 

5.  Comparative  aelian  of  soot  and  afnOrak  of  soda. — The  immediate  effect 
of  botii  these  substances  is  to  dailien  the  colour  and  to  increase  the  growth 
of  hay  and  straw.  In  this  respect  the  advantage  is  rather  on  the  side  of  the  ni- 
trate, while  the  soot  in  some  oases  gives  a  liltis  more  grain.  Thus  the  ittcreass 
efprodiKc  per  imperial  acre  of  the  three  crops  of  hay,  wheat,  and  oats,  dressed 
■with  each  of  (he  three,  was  nearly  as  follows: — 

Hay.  Wheat.  Oals. 

Soot    ....    7  owl.    .    ,     10    bush.    .    .    6    busli.      6  cwt. 
?IilrtttB  of  soda ,    9  cwt.    .    .     lOi  bush.    .    .    Gj  bush.      7  cwt. 
In  both  cBseSj  however,  the  scoted  grass  was  lighter  per  bushel     Thus  their 
comparative  weights  were — 

Wheal.  Oala. 

Sooted    ,    ,    ,    58  lbs.    .    .    4l     lbs. 
Nitrated  ...    63  lbs.    .    .    42i  lbs. 
Nevertheless,  the  advantage  to  the  practical  man  is  decidedly  on  the  side  of 
Uiesoot.since  the  cost  of40  bushels  of  soot  per  acre  was  only  I3s.,  while  that 
of  1  cwt.  of  nitrate  of  soda  was  S&s.     \t  is  only  « 
variable  in  its  constitution  that  firm  reliance  canni 
ity  of  its  effects. 

6°.  Adwnefgv/mo. — In  the  tea,  p,  460, 1  have  statedlhBapparentconcIusion 
to  which  the  Erskino  experiments,  l^en  in  connection  with  idl  the  others  Ihave 
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yet  met  with,  seem  to  point — that  it  is  more  uniformly  siuxessful  ■when  applied  to 
rmlilum  to  grain  crojis.  The  increase  of  oats  in  the  present  experiment  didnot 
exceed  halTa  bushel  per  acre — though  that  of  hay  amounted  to  UJ  cwt 

7°.  ActioaofsuJphateofsoda. — I  have  already  noticed  the  effect  which  this 
salt  has  in^wJisig' the  colour  of  ihe  crop,  even  when  the  produce  of  grasa  or 
Gtraw  is  increase.  In  regard  to  the  grain,  we  see  in  Ihe  expeiimeut  upon  oala 
that  it  reduced  the  crop,  Ij  bushels  per  acre — while  the  wheat  crop  was  increased 
10  bushels  by  a  similar  application. 

Is  this  difference  in  its  effects  due  to  the  nature  of  the  soil,  or  to  the  special 
action  of  the  sulphate  upon  the  two  crops  1 

We  have  seen  m  the  eiperimenls  miide  in  1842  at  Lennox  Love  (p.  53),  that  iha 
sulphate  of  soda  diminished  the  oni  crop  ISj  bushels  per  acre — an  effect,  how- 
ever, which  may  be  mainly  ascribed  to  the  great  drought  in  that  locality,  since 
even  nitrate  of  soda  caused  a  diminution  oflSj  bushels.  Bat  it  also  diminished 
the  wheat  crop  at  the  same  place  to  the  extent  of  SJ  bushels  per  acre,  but  upon 
this  crop  also  the  drought  appeared  to  interfere  with  the  natural  action  of  the  sev- 
eral iop^dressings  which  were  applied,  ao  that  no  trust-worthy  conclusion  can 
be  drawn  from  the  apparenl  results  of  thdr  action. 

Suggestion,  XII. — I  have  already  eug^sled  {p,  73)  an  interesting  experiment 
with  sulphate  of  soda,  in  order  to  test  the  very  curious  observation  of  Mr.  Flera- 
ing,  that  when  applied  to  land  sown  with  artificial  grasses,  it  brought  up  a  crop 
consisting  almost  entirely  of  fescue  grasses,  though  none  of  these  had  been 
sown.  1  would  here  suggest  further  that  the  marked  difference  observed  at 
Erskine  between  the  action  of  this  sulphate  upon  wheat  and  oats  should  be 
further  investigated— with  the  view  of  obtaining  a  satisfactory  answer  to  this 
question — Does  sulphate  of  soda  act  less  favourable  upon  wheat  than  upon 
oats  in  the  same  soil  1    Or  does  an  unlike  action  manifest  itself  only  when  the 


edifferent'!    I  fear  the  suggestion  comes  too  late  for  the  present  vear, 
,  as  I  hope,  there  are  experiments  already  in  progress  which  will  throw 
]i^h(  upon  the  question.    But  the  suggestion  will  not,  1  believe,  be  overlooked 


when  another  year  c . . 

It  is  further  worthy  of  remark,  in  regard  to  the  action  of  the  sulphate  of  soda 
upon  the  wheat  crop,  that  the  straw  was  atrongerand  less  laid  than  where  any 
of  the  other  dressings  were  applied. 

8°.  Adimtaf  sidjAate  of  amvionia,.—T\i^  substance  employed  under  the  name 
of  sulphate  of  ammonia,  as  I  staled  in  a  previous  part  of  this  Appndix{p.  61,) 
is  not  what  its  name  implies.  The  makers,  the  Messrs.  Tumbull,  of  Glasgow, 
inform  me  that  it  is  prepared  by  adding  sulphuric  acad  to  fermenting  urine,  and 
evaporating  to  dryness'.  Though  sucli  a  substance  must  vary  in  composition 
with  the  urine  from  which  it  is  prepared,  and  must  contain  more  or  less  am- 
monia according  to  the  degree  of  fermentation  which  the  urine  has  undergone, 
yel  good  effects  may  fairly  be  expected  from  it  I  here  exhibit  the  effect  cf  1  to 
ij  cwt.  per  acre  applied  to  different  crops- 
Wheat    '44   bush.  54tbusli.  Erskine. 

Do 31!  bush.  40   bush.  Gadgirtii. 

Data 49   bush.  BO   bush.  Erskme. 

Turnips 135  tons.  24i  tons,  Barochan. 

Potatoes I2i  tons.  14i  tons.  do. 

Do.      .....      81  tons.  131  ions.  do. 

These  results  not  only  recommend  this  substance  to  the  practical  farmer,  but 
they  also  enforce  ihe  remarks  I  have  made  in  the  text  apon  the  value  of  nrina 
in  general,  upon  tile  large  waste  of  manure  annually  incurred  by  the  neglect  of 
it,  and  upon  the  virtual  VKntey-loss  which  is  suffered  by  those  who  allow  it  to 
escape  from  their  larm-yards.  [See  Lecture  XVIII.,  p.  46:!.] 
9°.  Actimi  of  TaniJnilCs  hmims. — This  humus,  us  it  is  called,  is  night-«oil 

*  IntheteitlhBTe  describerlilUQcleithsnaineoftu^'AMeduriiu.— Seep.  151.      . 


and  urine  mixed  wltlicharcoEil  and  gypsum,  and  dried  by  a  gentle  heat.  Ila  eft 
(feels  Wpoa  the  wheat  erop  are,  in  tlie  preaont  experiments,  more  favourable  than 
■  of  those  I  have  yet  placed  upon  record.    The  following  experimental  re- 


suits  exhibit  the  na 

ture  of  its  aoiion 

in  two  localities 

,  both  111  the  same  nei 

bouihood:— 

Eipeilments  made 

Wheal     .    . 

.    44   bush. 

61   bush. 

Eratine. 

Oala     ,    .    . 

.    49   bush. 

45  bush. 

do. 

Turnips  .    . 

.    IS!  ions. 

13J  tons. 

Baroclian. 

n  t 

Potatoes  ...      5}  tons.  lOf  tons.  do. 

These  raaults,  especially  those  upcn  the  corn  crops,  are  not  so  beneficial  na 
might  well  be  expected  from  a  prepared  nightsoil,  and  they  aiTord  room  for  the 
suspicion  that  the  mode  of  manu^cture  has  been  such  as  lo  dissipate  some  of 
the  more  valuable  constituents. 

10°.  E3:penmeftls  upon  potatoes. — In  the  experiments  upon  potatoes  the  whole 
crop  averaged  13  tons  per  acre,  and  the  parts  of  Ihe  field  to  which  the  artificial 
manures  were  added  e^ibited  no  marked  increase  above  this  general  average. 
Even  the  mixture  of  nitrate  with  sulphate  of  soda,  which  in  so  many  other 
cases  has  proved  beneficial  to  the  potato  crop,  in  this  instance  produced  only  1 

It  may  be  that  the  manure  which  was  added  at  the  rate  of  45  Ions  per  acre 
contained  a  sufficient  supply  of  all  tJioae  kinds  of  food  which  were  added  after- 
wards in  ttie  saline  and  other  substances.  If  so,  a  ]arg:er  crop  could  only  have 
been  obtained  by  the  addition  of  some  other  substance  not  tried,  for  a  loam  of 
moderate  quality  ought  to  be  able  to  produce  more  than  13  tons  of  potatoes  per 

.  Or  it  may  be  that  these  same  artificial  manures  would  have  produced  a  larger 
increase  hod  they  been  put  on  as  a  top-dresdng  aftertlie  crop  had  come  up,  in- 
stead of  being  spread  upon  the  manure  before  the  potatoes  were  planted  upoft 
it.  In  the  experiments  of  Mr.  Fleming  made  with  espetaal  reference  to  ihb 
point,  [Appendix,  pp.  49  and  ti6,]  it  was  found  tliSt  a  larger  prepoHionale 
tiicraise  was  obtained  from  the  same  saline  substances  appUea  in  equal  quanti- 
ties to  tiiB  polato  crop  lehen  tkey  vtere  ^eati  apim  Hie  laaimre,  than  whin  they 
were  a^ipUed  as  a  top-dressing  after  the  crop  had  time  up.  Still  the  experimenla 
in  his  case  being  made  in  different  fields,  I  stated  that  the  point  was  not  to  be 
considered  as  established,  but  was  deserving  of  further  investigation.  TWs 
opinion  is  strengthened  by  the  results  of  these  experiments  of  Lord  Blantyre : 
I  would  therefore  beg  to  offer  as — 

Siiggeslion  JCIII.—That  the  application  of  saline  manures  to  the  potato 
crop-neither  when  the  trial  is  made  for  the  purpose  of  obtaining  practical  infor- 
mation, which  mav,  hereafter,  be  valuable  as  a  guide  to  the  operations  of  the 
firmer,  on  the  land  where  his  experiments  are  made,       ■"      '    '   "    "  '  *"      ' 


results  which  may  be  theoretically  nsefiil — that  the  same  proportions  should  be 
applied  to  two  or  more  plots  buried  wilb  the  manure,  and  to  two  or  more  dusted 
on  as  atop-dressing.  From  an  accumulation  of  results  obtained  in  both  ways, 
we  shall  be  able  to  extract  sotnetliing  like  a  principle  by  which  practical  men 
may  be  easily  guided  in  that  direction  which  is  likely  in  the  greatest  number 
of  cases  to  lead  to  the  greatest  amount  of  profit. 
11°.  Water  in  lie  potatoes, — I  will  here  add  one  other  observation  upon  the 

Co  experiments.  There  was,  as  we  have  already  remarked,  no  notable  diF- 
ce  in  the  wff^AJofcrop  raised  upon  the  several  patches.  But  the  ^alii^ot 
the  crop — the  weiriit  of  di^  fiiod  raised  upon  the  several  patches — might  really 
be  diflerenl  notwilhslanding.  In  my  remarks,  [Appendix,  p.  G5],  upon  the  Earo- 
Chan  experiments  upon  potatoes,  made  in  1843,  1  have  drawn  attentkin  to  the 
fact  that  potatoes  sometimes  contain  as  much  as  30  per  cent,  of  dry  food,  and  at 
other  tiraes  as  little  as  30  per  cent.,  and  therefore  that  a  ton  of  potatoes  of  one 
kind  may  contain  6  cwt.,  while  the  same  weigtt  of  another  contains  only  4 
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t.  of  diy  noiirisliment.    It  may  be,  therefore,  that  as  by  growing  in  anlike 

'-  — •■ al  degfeaa  of  rapidity  our  potatoes  may — '"■"  ''■*-"■"•  "' — 

10  by  dilTeicnt  Itinds  of  dressings  whicl 


nequa[  degrees  of  rapidity  our  potatoes  may  contain  difTerent  pro- 

^ lef,  so  by  different  Icinds  of  dressings  which  act  in  the  same  way 

as  nataral  differences  of  spil,  and  cause  the  plants  to  developB  themselves  with 


greater  or  less  rapidity,  the  same  effects  may  be  produced.  One  kind  of  saline 
Euhstance,  such  as  nitrate  of  soda,  by  hastening  tlie  growth,  may  give  us  a  crop 
of  potatoes  containing  much  water,  while  another,  such  as  sulphate  of  soda,  by 
retarding  the  growth,  may  g^re  a  crop  containing  less  water — and  thus,  though, 
tnere  may  be  no  difference  in  the  weight  of  the  two  crops,  they  may  be  very 
unlike  in  therelatlTO  proportions  of  food  they  contain. 

If  such  be  the  case  it  is  of  great  practical  importance  to  determine  the  quantity 
of  water  which  our  several  experimental  potato  crops  contain,  since  without 
this  we  may  draw  very  incorrect  conclusions  as  to  the  value  of  ouc  eiperiraental 
manures — placing  the  highest  value  upon  that  which  gives  the  greatest  weight 
of  raw  material,  and  esteeming  least,  perhaps,  that  which  produces  the  greatest 
weight  of  dry  food, 

1  would  again,  therefoi'e,  draw  the  attention  of  my  readers  to  the  subject  ol 
Suggestions  IV.  and  VI.,  [Appendix,  pp,  63  and  65.]  in  reference  to  the  deter- 
mination of  the  quantity  of  water  in  their  experimental  root  crops.  The 
method  of  doing  this  is  very  simple,  and  has  already  been  described,  [Appendix, 
P-  Ml  

Each  new  series  of  experimental  results  we  are  called  upon  to  examine  and 
analyse,  will,  I  hope,  more  and  more  satisfy  my  readers,  as  they  do  myself, 
that  this  is  the  true  line  of  procedure,  and  that  though  there  may  be  much  in 
our  results  at  first  which  may  appear  contradictory  and  discouraging,  yet  that 
out  of  these  crude  results,  when  combined,  compared,  and  frequently  repeated, 
the  real  substance  of  a  rational  agriculture  will,  slowly  it  noay  be  and  with  dif- 
ficulty, yet  surely  at  last,  be  extracted. 


Experiment  I, — Ujiim  Potatoes. 

Comparative  effects  of  guano,  farm-yai-d  manure,  ^psum,  &c.,  by  them- 
selves and  in  mixture,  upon  Potatoes  of  different  varieties,  planteil  25th,  2fith, 
and  37th  April;  lifted,  measured,  and  weighed  from  13th  to  14th  October, 
1843.     0»  ene-eiglUh  of  an  imperial  acre. 

The  portion  of  the  field  upon  which  these  potatoes  were  grown  contains 
about  five  acres]  soil — loam  of  medium  texture,  super-incumbent  upon  trap 
rook.  It  was  trenched  with  the  spade  out  of  seven  years  old  lea  in  the  winter 
of  1843  and  1843  to  the  depth  of  16  inches,  the  sward  being  turn-spaded  into 
the  bottom  of  the  trench,  and  the  subsoil  a  stiff  yellow  till  In-ought  tip  to  the 
top,  which  mouldered  down  to  a  fine  mould  during  the  winter.  The  drUls  were 
formed  for  Die  potato  cuts  with  the  doubie-moalded  plough,  and  by  the  7th 
June  the  plants  were  all  brairded  in  the  rows,  and  weie  worked  in  the  usual 
manner  with  the  plough,  drill,  grubber,  and  hand-hoes.  After  the  drills  were 
formed,  where  the  guano  was  used,  it  was  sown  in  the  drjlla  by  the  hand,  on 
the  bottom  and  sides  of  the  drills,  ilie  farm-yard  manure  being  theit^t)|i^A4l' 
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Bocead  upon  the  top  of  it.  Cat  seta  were  then  laid  on  and  covered  up  with 
about  three  inches  of  soil  PaTlicidar  allenivm,  slioidd  be  paid  mhen  guano  M 
used,  Uutt  U  be  well  mixed  leiik  tie  soil,  ai  tAis  is  of  the  greatest  imporltmce  to  the 
heaUh  of  the  fiaals  and  Ihe  bvik  of  ihe  crop,  especiaJiiy  in  Ike  case  of  pot/docs  aTui 
turnips.  This  conclusion  lias  been  arrived  at  ailer  three  years  extensive  ex- 
p«riance  in  the  nae  of  guano  as  a  manure ;  as  it  has  been  found  hare  that  Ihe 
more  minutely  it  is  spread  and  woriced  into  (he  soil  the  crop  is  ihe  heavier  and 
the  better  matured.  When  it  has  been  us6d  in  a  body  immediately  under  (he 
plant,  it  has  always  been  found  lo  induce  a  strong  Tigoroua  gi-owth  of  stems 
and  leaves,  and,  in  general,  to  ripen  the  plant  prematurely,  and  both  the  potatoes 
and  turnips  were  in  consequence  deficient  in  tubers  and  bulbs.  From  these 
circumstances  it  may  be  inferted-7-what  ia  indeed  known  to  be  the  case^— that 
the  guano  does  not  contain  all  the  ingredients  which  are  requu-ed  by  the  plants, 
and  that  the  large  proportion  of  ammoniacal  salts  it  contains — when  it  is  laid 
in  B  mass  in  immediniB  contact  with  the  roots  of  the  plants— pushes  on  the 
growth  too  quickly  with  small  sterna  and  delicate  leaies.  Numerous  small 
bulbs  ace  the  consequence,  and  the  cultivator  being  disappointed  ia  led  to  pro- 
nounce the  guano  worthless,  whilst  his  inferior  crop  may  be  in  agreat measure 
owing  to  bad  management.  Whatever  maybe  the  reason,  however,  it  has 
been  found  in  using  it  here  that  leAen  sotim  broad-cast  ihe  cropsof  every  descrip- 
tion have  been  benefitted,  while,  on  the  other  hand,  when  laid  in  a  body  aeex 
the  roots  (he  reverse  has  been  Uie  case.  In  cutting  the  potato  ibr  seed,  gypsum 
in  powder  was  strewed  upon  the  sets  when  newly  out,  and  it  will  be  seen  from 
No.  6  of  the  table,  with  good  effects  in  adding  to  the  produce,  as  where  the  cuts 
were  so  powdered,  as  in  {Jo.  6,  their  aupenority  over  No.  7  (which  was  not 
done  bo)  m  point  of  strength  and  vigour  was  most  remarkable,  and  when  lifted 
Ihe  produce  waa  1  ton  5  cwt  per  accemorethanNo.  7.  It  may  also  in  a  certain 
meusare  be  a  means  of  preventing  failure  in  the  potato,  as  there  was  no  failure 
in  this  field  where  tbe  gypsum  was  so  used  on  the  cuts,  while  the  same  seed 
potatoes  failed  upon  another  field  which  wm  planted  at  the  same  time,  hut 
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v>/iere 'nji  gypmm  wo.'!  powdered  on  l/iesets.  At  all  events,  It  is  worlhy  of  n  more 
exlejisive  trial  as  a  preventative,  and  it  will  in  all  soils,  wliere  it  is  deficient, 
add  to  the  produce.    It  has,  at  the  same  time,  the  merit  of  being  a  cheap  appli- 

There  was  no  great  alteration  in  point  of  strength  or  forwardness  till  the  1st 
of  July,  when  all  those  patches  upon  which  the  guano  had  been  used  began  to 
lake  the  lead  of  those  planted  wilhiann-yard  manure  aJane.  The  guano  produced 
a  dark  gi'een  colour  and  very  stiong  stems  and  leaves,  so  much  ao,  tlial  it  waa 
found  when  loo  late  that  they  had  been  loo  near  planted,!. «.,  33  inches  between 
the  drills,  and  12  inches  between  plant  and  plant  There  would  have  been  a 
far  heavier  crop  if  there  had  been  more  space,  as  the  strong  growing  varied^, 
EUch  aa  the  cups  and  blues,  were  nearly  choked  for  want  of  air.  It  will  be 
seen  from  the  tables  that  a  mixture  of  ^ano  and  farm-yard  manure  gave  a. 
greater  crop  than  where  eitlier  of  them  was  used  alone.  The  portion.  No.  8, 
was  top-dressed  with  guano  when  the  potntoes  were  set  up  for  the  last  lime. 
It  was  sown  broad-cast  between  the  drills,  after  which  the  drill  harrow  was  ptit 
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f/ard  dwiig,  vila^  tuUl  Eefatrnd  lo  give,  at  Uatl,  as  good  a  crop  as  double  l/ie  i^tHm- 
tily  of  dang  aione,  whilst  it  is  much  cheaper  in  the  Urat  cost,  and  Eaves  much 
cartage,  which  is  irf'  the  greatest  moment  to  the  farmw  in  spring.  From  its 
elfects  upon  the  oat  elop  of  this  season,  where  it  was  used  as  a  manure  for  Ihe 
turnip  crop  of  1843,  at  the  rate  of  3  cwt.  pr  acre,  it  seems  permanent — as  the 
oats  will  bear  a  comparison  with  those  which  grewwhere  ihaland  was  manured 
with  40  cubic  yards  of  farm-yard  dung,  and  the  hay  crap,  at  ihis  lime,  loolis 
as  ffirahg  and  forward  as  any  in  the.  same  field.  Potaloas  manured  with  guano, 
or  dressed  with  sulphate  and  nllrate  of  soda,  appear  also  io/ie  improved  iir,  Aealli,, 
and  tlie  tubers  so  grown  are  less  apt  lo  foil  when  cut  and  planled  the  following 

Experiment  II. — Oit  Hay. 
Effect  of  top-dressings  of  various  substances  upon  three  years  old  Gi-ase, 
inoslly  Timothy,  cut  for  hay  in  18*3;  lop-dressed  on  the  Sd  of  June;  cut  on 
the  5th  of  August;  weighed  when  cu^  and  again  weighed  when  slaeked  o"  ''■" 
98lh  ol  August,     (iuandly  of  ground  under  can''  ■<•■"''■ — 
im/periai  acre. 
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I  Hjy  AMD  oiTs.  lAppen^nt, 

Thapart  of  the  field  where  the  above  dressings  were  put  is  a  stiff  clay  loam 
lying  quite  level  upon  a  sandstone  rock,  and  has  a  south  exposure.  The 
dressings  were  late  of  being  put  on,  and  it  was  intended  for  gceen  coning  for 
soiling,  biit  owing  to  the  abundance  of  other  feeding,  the  parts  dressed  wera 
saved  for  hav.  All  the  dressings  except  No.  3  had  the  ettect  of  altering,  the 
colour  to  a  dark  green  in  the  course  of  a  weelt,  and  they  all  came  away  veiy 
Etrong  and  vigorous.  No.  3  (the  compost,  see  note  1°,  p.  88.)  hadtlie  effect  of  al- 
tering the  colour  in  about  tlu^e  weeks  after  being  applied,  nnd  came  away  go 
rapidly  that  it  soon  gained  upon  the  others  in  point  of  strength  and  luxuriance 
of  stems  and  leaves.  It  will  be  seen  from  the  tables  that  Nos.  4  and  6  gave 
lass  hay  from  1000  lbs.  green  cut,  whfen  used  alone,  than  any  of  the  others ;  but 
with  the  adiKtion  of  common  salt  1000  lbs.  gave  more  than  any  of  the  other 
dn^sed  portions,  Solphaled  urine  may  be  considered  a  sa,U  of  ammonia,  all 
of  which  salts  have  been  found  to  give  greater  bulk  than  almost  any  other  ap- 

tlication  of  salts  applied  to  gi'een  produce,  but  they  Iiave  invariably  been  found 
ere  to  give  lass  dry  hay  when  used  by  themselves.  The  extra  produce  from 
the  sulphated  urine  is  probably  owiiig  to  its  compound  naiure.  It  appears  from 
flie  above,  therefore,  that  the  most  profitable  way  of  using  these  saj,ts  is  by 
taixi'iig  them  leUh  outers,  and  thai  <ft«  more  comip'miid  lAe  w,ixl/v,re  is  the  better  loOi 
be  tie  crop.* 

Experiment  III. — Oa  Oais. 
Effects  of  eaano    upon  Oats  (potato),  sown  on  the  Hlh  of  April ;  cut  and 
weighed  on  tha  I5th  of  September.     Tlyrashed,  cleaned,  and  weighed  on  the 
2tlh  of  October. 
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re  applied  to  and  reaped  from  one-fonrih  ef 


The  portion  of  the  field  upon  which  the  above  oats  were  grown  is  a  deep 
sUff  yellow  clay,  super-incumbent  upon  sandstone  rock.  It  has  been  thoroughly 
drained  for  a  namber  of  years.  It  had  been  sown  with  wheat  on  the  20lh  o! 
January,  J843,  top-dressed  with  guano  at  the  same  time,  which  was  harrowed 
in,  but  owing  to  the  dampness  and  coiistant  change  from  frost  and  thaw,  the 
greatest  part  of  the  wheat  failed,  find  was  ploughedup  on  the  15th  of  April,  and 
potato  oats  cown  upon  it  on  the  17th  of  thai  month.  The  oats  brzurded  all 
alike,  showing  no  difference  "in  point  of  earlinesa  ;  but  by  the  9lh  of  June  a 
most  remarkable  alteration  had  taken  place,  the  portion  which  had  been  dressed 


tt  which  had  no  dressing  was  brown  and  stinted  in  comparison,  and  the 
ground  not  half  covered.  The  two  portions  continued  tliroughout  the  season  to 
present  the  same  difference  in  their  appearance,  and  at  the  tme  of  cutting  there 
was  more  than  a  foot  in  length  of  straw  in  fitvour  of  the  dressed  portion.  It 
will  be  seen  from  the  table,  tewever,  that  although  the  guano  had  the  eSeci  of 
giving  more  bushels  per  acre,  the  bushels  were  hghter  in  weight  by  2  lbs.  than 
uie  grain  fcomthe  undressed.    It  may  be  remarked,  however,  that  had  common 
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salt  been  muced  with  the  guano,  there  is  reason  to  believe,  Irom  other  trials, 
that  the  grain  woliW  not  hare  been  deficient  in  wBight  par  bushel.  Ammonia- 
cal  sails  should  at  no  time  be  dressed  upon  grain  oropH,  without,  at  tlia  samB 
lime,  adding,  aocordbig  lo  iha  composition  of  the  soil  upon  which  such  crops 
are  grown,  such  other  inorganic  ingredients  as  may  he  required.  Few  soils,  at 
least  in  this  pai't  of  the  couolry,  appear  able  to  supply  these  in  ButRoiency  to  the 
plants — paiUcalarlr  the  phosphates,  which  seem  a!  ways  deficient.  Atioaslthe 
addition  of  bone-dust  or  anirnal  Gharooal  seems  always  to  improve  the  oropa  10 
which  they  are  applied. 

Experiment  IV. — On  T'onUps. 
Comparative  eSfeets  of  guano,  farm-yard  manure,  bone-dust,  and  animal  char- 
coal, by  themselves  and  in  mixtures,'  on  Turnips  of  different  varieties  i  lifted, 
topped,  tailed,  and  weighed,  in  Nov.,  1843. 
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The  field  upon  which  the  above  turnips  were  grown  U  a  light  gravelly  loam, 
uper  mcumbent  upon  a  deep  gravelly  uli.  The  greater  part  of  the  field  was 
■erch.d  with  the  spade,  and  all  dmined  with  a^  and  soles  30  inches  deep  and 
n  fi.pt  B^srt  in  ttiP  wmipr  nf  lr!41  and  1843.  and  in  the  preparation  forthe  tur- 
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nip  crapiB  1S42  and  1843,  what  had  not  been  trenched  was  snbBoiled.  The 
turnip  crop  was  sown  at  different  times,  as  noticed  in  the  .taiilfls.  All  the  parts 
brairded  well  and  healthy,  and  continued  to  grow  without  intermission  through 
the  season.  The  field  contains  about  11  acres  imperial,  and  the  crop  was  most 
luxunant,  HO  mudi  so,  that  the  liffhtaflt  turnips  in  any  part  of  the  field  would 
have  been  reckoned  good.  The  field  was  drilled  for  the  crop  with  the  double 
i(ioald  plough  at  30  inches  apart,  for  smedss  and  purple  top^euim',  and  2G  and  3S 
inches  for  Jime^  yellow,  which  variety  is  remarkahie  for  very  small  tops,  and,  in 
conaequence,  may  be  drilled  nearer.  .The  difference  b  tho  appearance  of  llie 
turnips,  where  the  various  manures  and  mixtures  had  been  applied,  was  veiy 
marked.  Wherever  guano  had  been  applied,  the  tops  were  larger  than  any  of 
the  others,  exajil  JVfl.  3  of  the  tabis  {Jmi^  ysllew),  upon  which  Eulphate  of  sodu 
waa  lop-droBsed,  after  the  plants  were  thinned.  The  crop  upon  this  portion  wss 
remarkable  lor  luxuriance  of  tops  and  large  bulbs,  and  gave  a  very  good  crop,' 
No.  6  of  the  table  (Jones'  yellow),  was  upon  ■  apade-trenched  land,  and 
is  the  only  lot  where  a  comparison  can  be  made  between  trenching  and  subsoil- 
ing.  Where  bone  dust  was  used  the  tops  were  not  so  large,  and  whereifeani- 
mai  charceai  had  been  added  Oie  tops  v>ere  least  of  ail  and  tie  bulis  largest.  Upon 
all  the  varieties  of  soils  in  this  farm,  the  application  ofauunal  charcoal  or  bone 
dust  has  been  of  great  benefit  to  all  crops — to  wheal,  barley,  oata,  hay,  and  grass 
— the  crops  being  bulkier  and  of  superior  quality,  especially  upon  soils  superin- 
cumbent on  trap  rook,  giving  an  evidence  that  all  such  soils  upon  this  estate  are 
in  want  of  phosphates.  Thishas  also  been  proved  by  the  analysis  of  several— 
none  of  them  giving,  more  than  a  trace  of  phosphates,  and  some  of  them  none  at 
ali.  Upon  at!  these  soils  animal  charcoal  or  bones  seem  to  be  indispensable, 
because  ihe  grain  ctops  cannot  be  matured  without  phosphates  (if  lime  and 
magnesia.  It  appears  front  (he  many  experiments  that  have  been,  made  here, 
that  guano  does  not  contain  a  auilioiency  of  the  phosphates  to  supply  the  crops 
to  which  it  is  usually  applied,  and  which,  fmmtbe  greater  luxuriance  of  growth 
itB  application  at  all  times  induces,  would  be  requirMl  in  greater  quantity  accord- 
ing to  the  bulk  of  crop.  A  portion  of  the  animal  charcoal  of  the  sugar  refiners 
being  mixed  with  itai  the. time  of  sowing,  will  supply  the  defioienoy,  and  at  all 
places  inland  from  the  sea,  common  salt  will  be  fouoda  valuable  addilion.  The 
cultivator  who  is  obliged  from  deficiency  offoiinryard  manure  to  use  guano  will 
find  that  by  taking  one-half  of  his  usual  quantity  of  farm-yard  maniffc  per  acre, 
and  mailing  up  for  the  other  half  by  the  addition  of  3  to  4  cwts.  of  guano,  hia 
crops  will  be,  at  least,  us  bulky,  and  hia  after-crops  as  good,' as  if  he  had  used 
40  cubic  yards  of  good  dung.  Guano,  however,  should  not  be  used  by  itself 
upon  soils  that  do  not  contain  a  certain  amount  of  vegetable  matter  ft.  e.  on  poor 
sharp  soils),  but  it  will  in  all  cases  be  fomid  an  invaluable  manure  for  Ihorough- 
drained  moss  soils, 

compoaod  of  Baw-duat  or  moss  40  bushels,  coal-tar  HO  gallons,  l»ne-du6l  7  Busiiels,  suJpliato 
of  aoda  1  nwL.BUlplialeof  mameBlalJi  cwl,,  and  common  sail  li  cvFt,.  put  logelticr  in  a 

it  is  nmBd,  and  ajain  alloined  la  rerment,  and  la  then  fit  for  use. 

3°,  Id  ufdng  the  nitrate  of  Bodafbrllle  laat  fijur  je»ra  In  tlie  garden,  It  tias  been  found 
th«t  top,dreBBlnJ  Che  laefes,  bribe  monOi  of  AujUBt or aaplember  enabled  thcmlo  resiBl  Ibe 
eSbcIa  of  wlnler,  whUet;  thoae  that  were  not  BodreBBSd  haTa  tnvartab1;r  lolled,  and  gone  lo 

ner,  KpowEng  this  eleDE  upon  Isefes,— a  CMP  IhiU  tfsrown  to  a  large  eize  baa  a  ereal 
Uniiencj- lo  rot  and  ftilin  winter,— miebl  It  not  have  the  same  effect  upon  autumn  aoivn 
wheata  if  rtrEssed  with  it  after  the/  are  Erairded  1    This  hint  ia  merely  thrown  out  aa  worthy 

the  plants  towithaland  the  rlgonrs  of  winter,  and  In  tbiB  waj  might,  porhapa,  pravnnt  the 
wheat  crap  fiom  failine  in  wuitec,  which  la  often  the  case,  to  Ihe  great  Ioeb  and  disapiioint- 
toent  of  the  farmar 

Wm.  Flemino. 
Bas'Bchcm,  Feb.,  1844, 

'  Sulphuric  add  and  (he  sulphates  appear  1;  eierdse  a  marked  action  cuitheUimipcrop,— J. 


I  submit  these  experiments  to  the  reader  without  any  lengthened  ci 
The  eiperimenls  with  guano  are  very  seasonable,  and  will  be  of  much  st 
to  the  thousands  of  practical  men  who  are  now  likely  to  try  this  valuable 

"  There  are  thre.  , 

alone  1  would  direct  especial  e 

1".  That  the  potato  sets  did  not  fail  when  powdered  with  gypsum,  and  liiat 
the  more  extensive  trials  of  this  substance  which  he  recommends  ought  cer- 
tainly to  be  encouraged. 

■3°.  That  potatoes  dressed  with  guano,  or  with  nitrate  and  sulphate  of  soda, 
appear  to  be  improved  in  health,  and  are  less  apt  to  fail  when  cut  and  planted 
the  following  year. 

3°,  That  his  trap  Eoi 
and  that  the  use  of  bon 

These  three  obaervations  are  very  interesting,  and  a  careful  sludy  of  the 
tables  of  results  will  lead  the  reader  to  make  other  interesting  observations  and 
deductions  for  himself. 

It  is  very  satisfactory  10  me  to  have  been  able  in  this  Appendix  to  incorpo- 
rate the  results  of  experiments  performed  on  three  successive  years  by  one  so 
skilful  and  zealous  as  Mr.  Fleming, — conducted  every  year  also  with  more 
cere,  and  more  likely  therefore  to  lead  to  important  conclusions. 

The  subject  of  agricultural  esperiments  has  now  been  taken  up  so  warmly 
and  so  successfniiy  in  almost  eveiy  part  of  the  country,  that  we  may  look  for- 
ward with  confidence  to  the  gradual  accomulaljon  of  a  body  of  facts,  out  of 
which  correct  and  practically  useful  principles  may  gradually  be  elicited.  Ths 
large  body  of  experimental  results,  which  the  pnie  ofTered  last  year  by  the 
Highland  Society  has  brought  before  the  public,  shows  how  eagerly  the  en- 
lightened practical  farmers  of  the  present  day  will  follow  the  guidance  of  such 
as  are  willing  to  show  them  how  the  art  by  which  they  live  may  be  really  and 
permanently  irtiproved, 
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GUNN'S  DOMESTIC  MEDICINE, 

OE  POOH  MAK'S  FEIEND ;  IK  THE  HOURS  OP  ATFLIOTIOH  I 
AND  SIOKNESS,  A  SAFE  AND  REI.IABLE  QUIDS. 

This  Book  polnls  oul;  in  plain  language,  free  from  doctors'  terms  the  Di» 
of  Men,  Wimen,  ana  Chililren,  and  ili6  latest  and  most  improveil  means  us 
their  cure  •  tr-d  is  intended  eiprEssl/  for  the  beiie^  of  families.    It  also  cor 


3k  has  passed  througii  many  editions  i  it  has  i 
n  eTOry  respect,  and -enlarged  to  nearly  doub 
le  hundred  octavo  [)age3. 
)  to  dispense  wi^  phyfiicians  in  e^rere  cases, 
anda  and  tena  of  thousands  annually,  by  puttdi 


Opinions  of  the  Press. 

"We  satdom  take  up  a  book  Of  this  class  nith  any  fiivorable  impreiBltHMt  Ipr 
we  (ear qaacSery  and  prolensmn  haie  bean  atworii.forthfl  'poor  man;'  hot  a 
this  work  all  cmx  prcdndlaea  were  oongaenil-  Fn>fa»loiial  men  as  well  as  bthara, 
nasee  eheerfiiUy  r^mmend  thfsboAi  which  luis,  In  tts  ample  psees,  much  o* 
lEenecesBBry  instruction  toward  off  (trto'ciiredtBBase.>^^A<»  YorkSxpnu, 

"  It  is  wiltMn  in  an  easy,  plain,  BTid  bmiliar  style,  and  pmnta  out  tlie  dleeaseii 
of  men,  nomeu,  and  (AQdren,  aod  the  latest  and  Bust  sniraved  meaos  uttd  In 
their  core.  The  languaee  and  arrangBmSDt  are  so  simpMed  as  to  hrlng  It  within 
the  capacity  of  those  wlio  poasesa  a  very  limited  education.  Thk  otileat  )md  de- 
Ngn  of  the  author  ssams  to  be  to  rsmoTG  all  that  teobnlcsl  phraMOloKr  which  is 
used  in  medical  worka  eenenJlT,  and  tuns  umplify  the  praotloe  of  lEat  scienee 
wUohthelieadof  er^f^nutyBhoDldbaacquamted.with.  It  is  generally  reooDi- 
manded  to  our  professional  readers  tfi  t,  nuMe  In  cases  where  It  is  not  deemed 
necessary  ta  have  the  serricas  of.regulai^  educated  pmctltioners.  This  book 
should  &id  ■  place  In.  ererr  femilT."— Ahivs  Hail. 

"ThislsawoA  of  Family  Ucdlolneon  the  pliULof  Dr.  Bwell.  II  isthenosl 
Eriain^writtenjOTiteoknlca]  hook  of  the  kind  ws  have  metvrith;  a  decided  improve 
ment  on  both  Buchan-ajid  Ewell.  It  Is  ^intod  m  a  yery  superior  style,  revised 
from  the  frat  edition,  and  containing  a  luriety  of  useful  information  not  hitherto 
laid  hefore  the  vulgar  eye.  It  trsata  of  the  passions.  It  baa  also  a  catalogue  ol 
medicines,  with  IhSr  prupeiUee  and  doses,  and  the  diseases  and  manner  in  which 
they  are  treated  j  compifsing  a  synoptical  Materia  Mediea,  exceedingly  useful  m 
ImiliBs,  and  mam  paracularty  to  captair^  of  vessels  and  planters,  who  cannot 
oonveniBntlj'  proooie  medical  advice.    It  is  an  eicellent  book,"— jVik  Orlioiu 

"  If  wo  judge  of  the  merits  of  the  hooi  by  the  immense  number  of  copies  aheady 
sold,  and  the  very  flattering  tastmiony  of  medical  men  of  the  first  standing,  (and 
mumg  the  number,  acvertU  of  the  most  distuigolshed  members  of  the  faculty  In 
DOroity,)  ft  is  a  valuable  compendium  of  the  moderr " — '-'■ — '-  —' 


._  _ ..  .  milics, patdculariy  in  bu< 

.tl  situations  where  regular  professionai  attendance  ci 


vision,  (Eaymond's  copy,)  will  take  the  lead  of  all  sunilar  wotks."— Jfoiiit  Dmlj 

"  Its  extensive  sale  has  established  .'ts  worth,  and  stamped  it  as  a  standatd  and 
UefUl  book."— KERfHcty  Gaeells. 

KT  On  the  receipt  of  Thrke  Dolluis,  Dr,  Gunn's  book  will  tc  sent,  fm  q; 
Milnn,  to  any  part  of  the  United  States. 

Airietters  must  be  addressed,  (poE^paU,)  to  C,  M.  SAXT0N,131  FotTON  St 

"t  Oi^  "  is  ih*  only  complete  aditlen  aid  ts  so  msilied  on  lh«  haok 
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THE  AIERICAK  BEE-KEEPEE'S  MANUAL, 

BY   T,    B.    MINER. 
3jO  pi;.  12100.    35Et«R.v,K05.    PnicEjl. 
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OPINIONS  OF  THE  PRESS, 
Jtf.  Y.  Wt™*."""^  '  ^  """^    "^      "     ""'"'        ^''-    '^^"'S'^^    ave  ye   seen,  - 
"Mr.  Minor  has  bsiidled  Ibis  subjeet  in  b  niBElatly  monner."— AT,  Y.  True  Siui 

■  "HehBB  wiiltena  workofUiemostfaBcinatingintereal."— A',  r.  SxnJay  DIa 

'•  It  wfU  fntsi^esl  Ihe  gansrEd  reader.    II  is  indeed  a  eharming  Tolume.— Com 

"ThlalssiiTilj-  valuBbls  work,  Bod  very  ]ntorcsting,"—ja!Hiii.:^  Star. 
"  II  is  decidedly  tbe  besl  worlc  we  have  ever  sec n."—BinWB  Daily  MaU. 

■  "Mr.  Miner  has  porfonaed  bis  task  with  3ignal8billty."—Sci;n(ifiejliMTioni. 
"  It  does  bigh  oi-edit  to  Iha  Dbservation  and  inlolUgenoeortheaulbor,"— CftMi- 

Han  'htttUigntissr. 
"TbiaiH  the  mast  compreheusive  and  valuabl^work  en  the  Honty-hee  thai 

"  To. appreciate  the  value  of  the  honey-bee  one  muat  eet  this  Iiook  aad  read  II 
atteiit!vBV.-'-A'°»i'<'  JU*s"n«n-. 

"  We  like  it  Ibr  Its  independent  (one,  e^d  the  amount  of  practical  infurnutiaD 
Butt  It  oonlain8."-ta<rar!,  W«rtd. 

'  Wo  hare  teen  ereatlj  edilied  and  entertained  by  ibis  book,  from  whieh  tbs 
iMder  will  collect  e  greet  deal  of  excellent  InforDigtlon.—  rAe  IndcpmilaU. 

"  Tbia  is  probably  tba  most  complete  manaal  of  the  kind  everpubUEhed.  It  vlU 

tbMhadfo^°axisM!"-'BoXn  TO^j.'"*'^"'  "^  "^^^  ^  '"^-  "  "  "'''"""' 
"This  TOlumo  has  all  tbe  charm  of  a  romance  nnd  admiraMy  displays  Ibo 

"This  volume  Is  what  it  pretends  to  be,  {mote  than  can  be  said  of  many  worhl) 

"  It  is  ueaUy  printod,  well  illustirated  and  clearly  wrlttea  and  contains  a  gteal 

'  This  wra-k  probably  ooniaina  better  InstrucUons  in  regard  to  bees  than  any 
wkicb  have  evstupiieared.'"— Smb. 

"  The  practical  directions  ere.  the  resull  of  evident  eiperience,  and  bein^ 
»blaine*riB^whn™iUlwe  command  il  to  favor. ''—°S.'y"BBmrsfl'i^(.  ""  "  " 


by  Google 


FromlWcoinnw 

aUunbiasei 

and  we  mi 

rat  subjects 

tton  any  paper  1 

rflbakind] 

THE    AMHKICAN   AGRICUl  rURIST; 

A    M0KTHL1    PBRIODIOAL 

anlr  t^e  SJoctfcuItutfat. 
A.   B.   ALLEN,   EoiToa. 


LTUEIST  is  nom  in  tha  seventh  year  of  .'s  pubUoallOD 
I  took  a  high  stand  ;  and  has  ever  since  Iteen  oooatdereil 
adjudges,  as  the  LEADINQ  PERIODICAL  or  Its  clan 
ge  and  rapidly  increasing  (arenVation  lliroughout  the 
a,  and  other  British,  possessions,  the  West  Indies,  and 
lay  fearlessly  assert,  that  it  has  given  more  reliable  in 
.s,  and  been  perused  with  greater  general  satisfaction, 
yet  published. 
Tile  American  igricultnrist  treats  of  etery  description  of  domestic  anlmali 
and  poultry  ;  their  chBHCteriEtics,  breeds,  the  best  nnd  Uie  w,orst ;  their  advanta- 
ges and  disudvaiit^es  i  their  mode  of  breeding,  feeding,  rearing,  and  treatment  ( 
their  nses.  profits,  man^emtot,  ko.  It  also  treats  of  all  ouMvated  crops,  inclu- 
ding fruits,  shrubbery,  kc.  -.  the  besi  seeds,  mode  of  planting,  cultivating,  gather- 

of  vegetable  life.  It  describes  the  principles  of  mechanics  as  ^plied  to  macliine- 
ry  ttsed^  by  formers  and  planters;  the  best  machinery  and  implements  for  agri- 
culture, Uielr  uses  and  the  particular  superiority  of  some  over  others,  and  their 
adapifldness  for  particular  purposes,  *e. 

AMreuaHti-iscHpiuins  lo  C.  M.  SAXTON,  ISSFdlton  St.,  New  Yonii. 

It  also  gives  the  latest  improvements  m  those  implements  which  may  have  been 
made,  and  suggests  others ;  tells  where  they  are  to  be  found,  and  the  benefits  that 
will  follow  from  their  use.  It  also  specifies  new  objecls  of  cultivation,  and  how 
Ihcy  may  be  belter  prepared  for  n  prolilahle  market  and  more  general  use.  These 
are  a  part  only  of  the  objects  of  this  paper ;  yet  they,  with  the  other  snltiectB 
treated,  ate  ot  nanienal  tTUcrtsi  and  general  appUcaiimi,  Nineteen-twentieths  of  ali 
tiiat  Is  to  be  found  m  It  is  of  the  same  use  to  one  part  as  to  any  other  part  ol 
America.  Yet  we  find  people  constantly  objecting  that  it  is  not  printed  in  their 
parUcntar  section  of  country,  rtnd  that  ft  is  not  suited  to  their  wants.  Does  11 
make  any  dllference  where  a  boy  acquires  his  education,  provided  it  be  a  good 
nie  and  he  be  correctly  taught  t  Wbere  he  studies  his  profession  of  divinity, 
•ledicine,  or  even  law !  Cannot  be  take  the  principles  he  has  acquired,  and  apidy 
them  equally  well  In  any  part  of  America!  Are  not  the  blessed  sunlight  ol 
heaven,  the  rain,  the  dew,  the  heat,  and  the  frost,  though  sometimes  dififering  in 
degree,  of  equal  relative  eHect  wherever  they  are  felt,  whether  within  the  tropics 
or  the  polar  circles,  the  eastern  or  western  hemisphere  1 

If  the  question  were  as  to'  a  choice  between  a  good  paper  printed  here  or  thera. 
It  were  anotlier  matter.  But  tbro'jgh'-ut  extensive  regions  this  is  not  the  ease, 
and  it  is  either  a  good  paper  or  none  i  all :  and  even  if  there  were  one  for  every 
particular  section  of  country,  we  in'gat  still  iirge  a  general  cironlaton  for  oui 
•whj  for  no  one  wUl  embrace  aU  tbv  la  important  to  be  hnoH-u. 
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THE    AMERICAN    F'ARM    BOOK! 

Compciid  of  American  Agriculture, 


MANAGEMENT  OF  THE  FARM. 

is  History,  Geology,  Cheniiatrj',  Botany,  Anatomy,  Phyilologj,  uid  MBohnnios' 
TLese  bran clifls  of  knowledge  are  given  as  appjicable  to  sgiicnltiiral  pnrsultB 
and  wlien  pruperly  uDderstood  nil)  oaaflDtially  eiil  and  uilri  the  bcmer.  In  &ct 
B  knowledge  of  these  seiencea  ia  a  sure  kayto  weallll  for  any  aerioullnrist.    I 

frigin,  tejture,°riiviBio'Z  anddesEription  of  every  TBrietr  of  soUs  ^™Mononiy 
hin,  hemp,  flax,  the  angar  cane,  ^ce,  tobacoo,  liopB,  madder,  woad,  »us.  ;  the 

fcrmarkel.    Illustrated  by  loo  engravings. 
The  reader  can  form  aome  idea  >.£  the  above  work,  from  the  taol  thet  it  trealK 
'  eoo  diffirint  sulijesu  important  to  a  Ihrmer.    It  oonlaina  an  pages,  and  i 

beautifully  bound  in  olotU,  gilt,  anitablo  for  a  library.    Pries  only  One  DeUar. 

Notices  ot  the  Pi'ess. 

Tbe  antbor  has  been  one  of  the  most  able  contribuMrs  to  the  agricultural  pres 

tuQ  oonsequEimy  inims  tioia  bis  own  experience  what  he  is  writing  nbout. 

Thie  book  is  by  a  gentleman  of  known  experience ;  the  wotk  is  exceedingly 

iieap,  and  the  fanner  will  find  it  a  vaJ,uabJe  book  of  reference. — M  V-  BxpratB. 

\t  IS  in  fact  a  brief  encyclDpedia  on  tbe  subjects  treated,  and  the  farmer  will 

ihi  appropriate  informaUon  on  almost  any  subject  coming  within  his  TBach.— 

with.in  its  p^es,  U 

This  workia  what  might  bo  oKpecled  from  one  so  wellqnaliQ^  for  theundei- 
taking.— BMlan  Cuilnmlar. 

We  are  glad  to  meet  a  pubUoatlon  wliiob  can  interest,  as  well  as  bnprove  the 
condition  of  the  lunnan  race.  We  commend  the  work  to  every  American  farmer. 
—Clvisti^  lateitigeneer. 

Why  shall  not  every  good  farmer  economize  his  muficlefl  by  stormg  his  ngind  T 
We  hope  this  book  vnll  And  Its  way  into  many  family  and  school- libraries.— Ant 
Yori  trUami. 

It  t^ighi  to  be  found  !o  every  fermer's  library.— Jtrj^jmoa. 

It  la  really  a  great  satisfaction  to  get  hold  o!  an  American  treatise  on  Agricul- 
lu-e,  that  has  a  Plain,  practical,  common  sense  character  of  its  own.    The  anthoi 

furmer  and  stock-breeder.  That  he  well  knows  what  lie  is  about  on  a  farm,  these 
pages  abundanty  show.  Ho  mere  buok-m^er  could  have  written  such  a  book; 
and  we  may  add,  also,  that  no  mere  pmcttcal-  laniiar  could  have  written  it,  A 
"  good  praeUoal  work'^  can  only  be  written  ijy  amsn  who  has'  butli  thonght  and 

^ect  in  bawl.  We  tUbk,  Ibere 
is  gowl  practical  farming,  as  pi 
■  -■■'-  — --•-"igelit  reference  ti 

much  or  moj^  reaT  service  to'  us.  than  any  work  on  aoriculEure  ve 
Uw  prett,  and  we  gladly  conimsiul  it  to  ilie  perusal  of  every  oni.  < 
WgigBilnthecnlfTiilooof  laiid-J. ./.  Doiobisb-j  tforiii-nJnrfji 
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THE 

AMERICAN    POULTRY    YARD; 


Sloiiuatif   ^oultrg; 


Cmnpkle  DirecHims  for  ihe^r  BreediTig,  Crossing,  Rearing, 

Fattening,  and  Preparalirm  for  Market ; 

Including  Specific  Ihreclions  for  Canonising  Fowls,  and  foi-   the 

Treatment  of  l!ie  PHncipal  Diseases  ib  which  they  are  subject. 


DRAWN  ITtOM  AUTHENTIC  SOUECES  AND 

IWnBlrflled   by  Numerous  Bngi 

By    D.    J.    BEOWNE 


Bit    SAMUEL   ALLEN. 
Price  $1,  in  clolh — 75  cts.  uiiih  paper  ci 


PnbliBliod.  I>r  C.  M>  SAX'B'OIii,  133  B^'ulton  Street,  N.  T 

OPINIONS  OF  THE  PHE9S, 

Mr.  Brawne  wasbrBd  and  biuueht  up  a  praoUcol  fkniier.    From  hia  LnlLmale  know 

ledge  of  the  hLjlory  ami  habiia  of  our  domestic  animots,  having  devoted,  probably, 

iodividaol  In  the  oounuy,  the  Issli  of  ptepnrlug  Uiis  work  waa  assigned  lomm.- 
Batem  RegitUr. 
Tbestyleof  theongravlngsand  tliemeoh!micul«xccntlonof  the  work  aro  excel^eol 

Every  one  who  nmy  pnrahaaB  a  copy,  upon  ftjierusaJ  of  the  HBine,  will  lie  folly  siUj 
It  l9  one  of  tlie  best  U'eaUees  oo  Uie  DomesOc  Fowl  evei'  published.— AVii-Biii. 

Btahle  raialng  of  towia,  aro  predasly  of  fliat  minute  and  ptactieal  characlei-  wbidi  la 
needed. — JV.  Y.  Evajt^iet. 

Wb  are  gfd  to  see  Uiot  the  evidenl  demand  tbr  inlbimalioo  on  Ihe  aahjeul  or 
natiuKDomoslloFowlBhMcBlledootsoYnlmiblenwork  na  Ihe  one  before  us.— A".  1'. 
Doi/U  TWSimo. 

IS  contains  motlet  to  Interest  and  ioBtrnet  upon  almost  everytWng  Uiat  ooncoms  iho 
poullry yard, and beai'e the  impress  in  its  pages  thatlta edltor'waa well  qualified ti 
tmii  file  task  he  undertook.— .anerfcan  fiirmBr. 

'    It  is  the  moat  complefe  liookof  tlseUasevErpobliahed,  ibmI  quite  uidiapansaWo  k 
all  who  ore  inlerested  lo  raising  poultry.— CAnWc^lffit,  S.  C,  IVrtkij/  Oantte, 
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AMERICAN    ARCHITECT, 

Jomplete  in  24  Nos,,  at  25  cents  each,  or  $5  for  2^ 
Nos.   $6,  bound  in  3  vols. 

PUBLISHED  BY   C.  M.  SAXTON,  NEW-YORK. 


Tm  object  of  Ihis  publicatian  la  to  intrduce  ORIGINAL  DESIGNS  or  C<^lr^ 
Scau  adapted  to  the  varied  taste  aod  ctrcumBtances  of  an  Amerioan  populatlun : 
from  the  elegant  Villi  to  the  Eimple  Cottass  and  plain  Fahu^Hhuei  j  fnnn 

RiaioENOEs  will  he  embraced,  in  order  to  meet  tlie  views  of  every  person  desiring 
a  CoUKTBT  IIousn,  In  respect  to  sh'le,  cost,  arrangement,  Smsh.  Sec,  uiitity 
wiii  never  be  aacridced:  economy  in  Uie  outlay,  with  an  appropriate  stTle.wil 
always  be  Kept  In  view.  Tiie  requifiite  details^  SpeciAcationa,  plans,  and  direc 
tiona,  with  a  careful  and  reliable  eilmai!  of  iht  ctai,  will  accompany  each  design 
Tliese  are  essential  features  of  a  Praaicel  Work,  and  na  labor  will  be  spared  in 

or  utility,  or  by  the  want  of  tliem,  none  can  oonipare  In  national  imporlwioe  and 
philoseptiical  mterest  with  the  Fmn-Smut—tbe  Houieetead  of  our  species, 
A  triple  value  atlaches  (o  that  ciara  of  man  which  feeds  all  otheis.    With  pr' 
■    ' «  iBifolded.   With:  them  soofet 


:  psire^  of  the  uts,  wUle  Jte  prepued  Vtodi 


a  minufBotures.  Then  it  wu  in  (heir  dwellings  thai 
n-iiiuiwi^cuic  i>»u  •'-^  .uihirth  r  it  was  they  who  flrat  ehtndoned  Ihetsntwith 
pastoral  life,  and  began  to  devise  and  oonstruot  Hxed  and  permanent  ataodes. 

The  estinrates  we  give  are  based  on  |<ew  York  prices ;  Including  the  best  ma- 
terials, workmluiship,  and  finish.  There  is  no  donhc  that  m  mtuiy  parts  of  the 
eountry,  they  maf  be  materially  diminished  in  every  one  of  these  tespeets—eveB 
lo  the  estenf  of  one-half. 

The  selection  of  designs  by  those  about  to  bnild  Country  ResidenceE  is  con 
nonly  at'tended  with  embarrassment  and  always  with  eipense  When  fumisheo 
,T  professional  men,  from  general  Ideas  communlcateti  oy  proprietors,  tliey  am 
EelOom  satisfactory.  Tlie  Ameriam  ArchiUct,  by  furnishing  a  collection  of  designs 
adapted  to  all  tastes  and  means,  will  remove  every  difficulty  in  the  choice,  and 
save  money  ei^^nded  on  Plans  of  no  use.  It  will  flirnish  twelve  Elevations, 
Plans,  and  ^wcUintloiu  in  each  year,  at  a  ptice  not  exceedmg  one-sevenili  ol 
the  usual  charge  for  one. 

Every  handsonw  re»dence  adds  value  to  the  grounds  attaeiied  to  ft ;  hence  the 
Importance  of  having  such,  by  those  who  invest  capital  in  this  species  of  property. 

With  regard  to  utility— the  proper  distribution  of  the  apartments  and  Uieij 
adaptation  to  the  purposes  intended  is  the  most  important  puint  to  be  attended 
to,  and  they  are  governed  by  the  Plans. 


■  good  and  hsuitlful  w 

>]aua  given,  will  be  from  JfilXI  to  19.0011,  nitk 
rst-rate  Mason  and  Carpenter,  and  the  prKH 
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THE    MASSACHUSETTS    SOCIETY, 


PRO:KiOTIN@     AGfllGULTURE, 


BY    SAMUEL    L.    DANA. 


From  the  Neto  York  Observiri 
EsSflY  ON  MrtKUBES.     Ej  Samuei.  L.  Vasa 

This  Eesay  oontaiua -muoli  nEefiil  information  for  tbo  Fi^t'oi^l  farmer,  ir 
EdiaII  Compaq,  in  refarence  to  the  ncitars  and  management  of  mamiree  imi: 
dintelj  under  hia  oonlrol ;  tlie  knowledge  and  practise  of  whicli  vSl  amply  oo 
pensate  for  the  espense  of  ascertaining  its  ralue. 
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A     PRAOTIUAL     TREATISE 


CULTIVATION   OF   THE   GRAPE  VINE 

ON     OPEN     WALLS. 


IMPROVED  METHOD  OF  PLANTING  AND  MANAGING 


ROOTS    OF    GRAPE    YIIES, 


BY     CLEMENT     HOARE. 


AN    APPENDIX, 


REMARKS  ON  THE  CULTURE  OF  THE  GRAPE  VINE  IM 
THE  UNITED  STATES. 
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